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ABSTRACT

Modern U.S. @ailiitary rajars and comrunication ejuipmernt

performance wiil te strongyly irfluenced Ly the environnent

1t will Le operating 1in. Cne of the most imyortant atros-

phecric affects is ducting of electromagnetic enerj;, Dy re-

fractive layers 1in the atmosphere. To assess the afifects ot

ductiny on electrcmagyrnetic emissions around Dianran, 3audi

Aratcia, a geometric optics model of wave propajation devel-

ored by Faymond P. Wasky was modified and utilized. This

thesis also attempted to show the correlation of wind Jdirec-

ticn and wind speed to the establishment, location anad

Leignts of lucts. finaliy this thesis attempted to deter-
9 V] &

mine 1f there was any correlation Letween the occurrence of

land-sea ftreezes and ducting.
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I. INTRCLOCTION

A. BACXGRCUND

The United States (U.S.) Military anticipates rignting
outnuabered in ary future conflict. Since Vietnaum, moiern-
ization of our forces has Jdragced, thereby peraitting a de-
cay 1in the readiness cf our forces. At the same time, the
Soviet Jnion has increased defense expenditures. The Sovi-
ets remain conmritted to their goal of world socialism arnd

Soviet policy ;roceeds on the lasis of military power.

- - -
Ccuntry 1573 1979 1931
United States 78,472 114,593 171,390
Soviet Union 92,000 241,000 267,000

Figure 1: Defense
Exrenditures (thousand 3)
{rRef. 1, 2, 3]

- J

Major Army unit ccamanders must be akle to detect, track
and destroy ernemy tarjets deep in the enemy territory refore
they reach tae fcrward-line-of-cwn-troops (FLOT). Our coa-
manders must hLave the time to adjust their own forces to tLe
able to meet the enemy on a mcre even combat ratio when the
enemy reaches the FLOT. Thru an integrated collection ef-
fort and the use of =sophisticated electronic eguipment, it
is the jol of the intelligyence community to find and locate
the eneny. T1c accomrlish the above, e€ffective use of the

electromagnetic spectrum is essential.

-

The perforumarnce of any electromagnetic systen varies wit
the yeographicai region, tcpcgraphy, systems eaplovasnt

coniijuration and oteratinyg frequency. These perforizarce
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characteristics are recognized Ly most glanners, Lowever i:x
addition to trhese jarameters oue must also consider meteoro-
logicai elements. Most testirng oI electronic ejulpment 13
periorsed uander rncrmal conditions. This 1s a tactical
shortcezing because extreme ernvironmenta. coaditicns nay

khlave an adverse arfifect on a systems performance.

B. OBJECTIVE

T"he objective of this thesis is to Jdeteraine the synoptic
meteoroiogical conditions that will severely aifect electro-
ragnetic (EX) fropagation on the Arabian Peninsula. Atnos-
pheric refractivity, surface and elevated ducts, and land-

sea breeze will ke adiressed.

C. THE DESERT ENVIRONMENT

The desert envircnment was selected as a type of environ-
mental/topcjyraghical region for examining the affects of ex-
treanes. Radiosonde data recorded in Dhahran, Saudi Aratia
from 1978 to 1S80 will be examired. The importance of this
data is fcr several reasons. First, the desert areas of tae
world comprise approximately 1% of the earth's land amass.
Ttis 1s a sigynificant portion of the total surface area
available for ground coambat. Saull Arabla encompasses an
area of 330,000 sqyuare miles, nuch of waicn is desert [Ref.
47. Second, several of the desert regicns of the world have
a rolitical and military significance tecause of their stra-
tegic location and valuable amineral deposits. The Arabian

o1l fields acccunt fcor akout cre-half 0f tne Xnown reserves

of the non-Communist world. They alsc sup,gly arout one-
fifth of the world's total 0il groduction [RrRef. S 1. Saudi
Arakia was the largest producer of crude petrolenn in

the Middle East and the third largjest in the worid in
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Cecantry 1974 1979 1389
Soviet Union 3,373,059 4,307, 100 4,432,359
Jnited States 3,202,585 2,111, €2¢ 347,595
Saudl Arabia 2,596,543 3,479, 3393 3,539,940
Iran 2,197,700 1,121, 34¢ 559, 909
Venezula 1,086,333 86J, 072 795,397
Kuwait 394,781 602,000 912,610
Iray 720,729 1,252,000 961,322
.. Tigure 2: 'Crude
0il Erdducticr Comparisons
{thousand 42-gal farrels)
[TRef. b, 7,78, &6 9] "
1582 [Ref. 107. Thirdly, tre desert has tune most extreame
cases of abnorral atmospheric refractivity. Fourthly,

worldwide analysis of upper

perioraed Ly Ortenturger

(3TE,

dicate that trade wind regions

ducting.

per Indian Ocean and Persian Gulf.

ing in this area is 60% [Ref.

increase of Soviet military power in

a

atmospheric radiosonde Jdata was

Sylvania 1973) . Results in-

are the areas of significant

11].

Finally,

Asia,

One are€a of prevalent ducting was rfound in the up-
The probability of duct-

the dramatic

the Pacific Ocearn

and the Indian Ccean is the most significant military devel-

opment n

recent years.

graded equipmert on their

The

Southkern Theater.

Soviets have replaced and up-

Additionally,

-

their 105,000 troors in Afghanistan have altered the balance

cf power in the Indian Ocean ard Persian Gulf [ Ref.
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« GENEFAL DISCUSSION, INTERRELATIONSHIPS AND
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EQUATICNS

A. FKEFRACTIVITY

Ihe transaissichn of electromagnetic (ZM) sijnals tarouji
a mediur 1s affected zy the abscrption and re-emission of IA
energy by tne atcmic and molecular elements of that mediun.
The ii=zlectric constant (€) test describes tne interaction
oL the electric £i€ld witn the rediuus. As the ZY wave in-
teracts with the new neiiun, 1ts syeed changes and is deter-

mined by:

(EQnu ! )

where - 1g the velccity in the vacuuz and v is the velocity
in the zedium. Father than deal wita a velocity, physicists
Gefinel a new paratgeter "Index cf Refraction" (n) where
C
n=-— =1J¢ (Egnai 2)

A measure of the amount of refracticn experiencea Lv a
ray as it passes through a surface which separates two melia
of Jdifferent densities is designatel ‘'n". It 1s tune ratio
of the wavelength cr velocity c¢f an EY wave in a4 vacuum to
that in the new redium. Wher the EN wave passes Iroa one
pmedium to another nron-absorbing mediunm, the angle of inci-
dernce €, and the angle of refraction 9, (See Figjure 3) are re-

lated by the principles of Snell's Law:

SiAl 61 - r\?_

_SN é‘l h‘

(Eg¢n 3)

TL.e Index ci Refracticn of a vacuum is one; o0f air is ap-

proximately 1.000326; ani, for water apjyroxaimateiy 1.33.

R
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Figure 3: 'Refracti%g]og Incilent Rays
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The relationshigp of the index of refraction to the atmos-
p heric rressure (?2), water vapcr pressure (¢}, and tempera-

ture (T) 1s given Lty the followiny eguation:

L r e _ 5 e v -6 .
(n-1) = (77 ¢ %: - S p v 3.75 ~ ¢ T;E ) < j0 (Fgmt)

where atmcspneric gressure and the water vapor pressure are
ir. miliitars and temperature is in Jdegrees Kelvii. The ra2-
sulting values of tie 1index of refraction are awxward.
LLereZore a new paradeter "N", which 13 the reiractivity, 1s

defined Zcr corvenience as follcws:

N - <f\-)) x lc(c- (E(ff\b 5-)
Taus,
- TT L E_ - S ¢ < ¢« 375 = /C: 5/7 CEenN 6 )
N - ke T T T T

10
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B. MODIFIED REFRACTIVITY

The use O0f refractivity to depict reiraction 1s 31f8fi-

[94]

cult. Tiacting corditions are identified by deteramining it
chanj= witsn heisb*, In a normal situation, the refractivity
GeCreases with hteiybt. The refractivity iy be 21
cally nodified so that when ite gradient (dN/dZ) 13 appiied
to EM propagaticn over a hypothetical flat eartn 1t is 2s-
sential ly ejuivalernt to the prcrajation over tiae real curved
earth with the actual refractivity.
The Mocdified refractive Index, 4, adds 157 N-urits peor
Kilometer to all ¥-values. It is Jdefinel as:
Mo N - I5T & cean 1)
where N 1s the value ¢f reiractivity at any heigjat 2, and O
1s in Kilcmeters. M will increase with helght 11 tne stan-
dard atrmosphere. Also, when the M-gradient (dM/dl) 1is zero
the ray curvature is eyual to the real earta's curvature. 3
versus height profiles are mainly used to obtain Jductinj irn-

formation (See Chapter II, Section D). [Ekei. 15]

C. DN/DZ AND LM/DZ
An impcrtant description of refractivity is not its valae
but 1ts gyraldient. rRefractivity is a multi-variaple pacame-

ter and thus an exrression for its yradieant 1is:

B S

AN ON %E N &‘T . AN \ o € )

de &

For an averaje standard condition, dN/dZ is apgroxiazately
-40 per Km. In ray tracinyg prcklems, the gradieat 18/42 can
Le usel to ortain a ray path curvature taat 135 relative to

tLe curvature cf the e€arth.
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Classificaticn dan/4dl (/Km) s/73Z2 (/Xu) RPange
Subrefracticn >0 >157 Reduced
Normal . J to -76 79 to 157 Normal
Super Fefraction =79 tc¢ =157 0 to 79 Increased
Trapping <-157 <0 increased

Figure 4: N & ¥4 Gradients
16]
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Figure 5: n; Fictorial

Standard (normal) propagaticn results in a ray curvature
due to refracticn which has a value approximately one-ifourtn
that of the earth's curvature. This is eguivalent to tkhe

straight line [fropagation over a hypothetical earth whose

Vv ""v'—'T rYvYTV

radius is four-thirds the radius of actual earth. Subre-

fraction jroduces a less than onormal downward bending or

R Ty

1"1’_, R . i O S S N U LAy S M B A
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even an upward tending of radic waves as tuey travel throuji

the ataosgtere. Thus, radar ard raiic coveraje is le-
creased. Super refractiocn prcduces a greater than rormal
downward fkeniing of radio waves as thev travel throuajl the
atmosphere. This results in externied radio horizons ani 1n-

creasel radir coveraje. Strong safer refraction ca: prolice
skip effects 1n elevated layers or the trogosphere. Skip
effects occasicnally make 1t pcssible to detect targets at
distances greater than the norusal thorizen whiie closer tar-

gets remain undetected.

L. DUCTING

3 dact is a shallow, almost horizental layer in the at-
mosgnere where M ener¢y 1s tragped. The tragpingj layer is
where iIN/dZ < -157 Km and thus the ray will Dbe bent toward
the earth. The trapping layer is the tcf of the duct. Zn-
ergy transmpitted within the duct will be partially coniirned
and cnanneled tetween the top and bottom of the duct. Duct-
ing occurs 1in several ways and can best te categorized by
the altitudes at which they are found:

Surrace Ducts -average height less than 1,300 feet;

ty

levated Ducts~-average heigiat 5,0C0 to 10,000 feet;
Lvaporatior Cucts-approximately 100 feet.
Evaroration Jducts cnly occur over water.

These duct types are defined by Figures 6 tunru 8. The
top of a duct «corresponds to a height atove the surface
where the M value is a nmirimunm. The duct base corresponds
to the height at which a vertical line Jrawn Jdownward fromn
the point of minrimum ¥ value £first intersects a point of
€gual 1 urits or the surface. Fadar tarjets may be detected
at loijy rdngjes iI kecth tacjet and radar are in  the duct.
The area just akove a duct aay have reduced radar coveraje.
An aircraft or missile flying just above the iuct migat not

be Jetected until very close to the radar, if at ali.

12
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Figure_ 9: 'kadar Hole
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A duct will tragp EY enerygy

-

for only a se¢iected Irecuency

ranye. Minimur trap;ing freguencies lave been established

tecause the limpit 1s cn the low side, The aininua Ire dency
trhat #4iil te trappred is given Lty:

" -(¥)

[z 3c033~10"a CHa (Evu @)

where d is the thickness of the duct in meters. [Rei. 22)

E. LAND-SEA BREEZE

The land-sea breeze 1is the complete cycle of the Jday-
night i1ocal winds cccuring on sea coasts due to the diifer-
Zhe land
from land to sea and

ences 1rn surface temperature of the land and sea.
breeze component of the system blows
the sea breeze tlcws from sea tc¢ land.

The Lasic principle of the sea breeze is that durinyg the
day the land and the air over the land gets heated consider-
acly, while the air over the sea changes slightly. The
warm, 1light air cver the land then rises and is replaced by
the cooler air from the sea. The day time sea breeze sur-
passes in intensity the night time land treeze. The direc-
ticn of the sea breeze does not remain constant during the
course oi tne day. The gradual change in the directicn of
the sea treeze appears hecause cf the affect of the Coriolis
Force.

At night the wind direction reverses, Dbecause the air

over the land Leccmes cooler than the sea air. Now it 1s
the sea air which rises and thke cooler land air that zoves

out from the land as a land breeze. [Ref. 23]

16
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A. THE CCUNTRY

Saudi Arabia occcugles apprcximately four-£firths of tne
Aralbiai Peninsula (see Figure 11). It is apout the size of
the United States east of the Mississippi. The Araonian Pen-
insula is a plateau which slofpes slightly toward the east.
It contains botl the world's largest sand 1lesert, the Rutb
al-Xhaii, and maybe the world's largest ocasis, al-Hasa. In
addition to the Pul al-gRhali, cr "=mpty Quarter", the otner
two sand areas are the Great Nufud Desert and tne Dahana De-
sert. Outside these deserts the surface is gravel, or ir
the case oI the west-central area the surface consists of
crumbled teds of lava. [ Ref. 25]

B. CLIMATICLOGY

Saudi Arabia has a desert «clirmate characterized by ex-
trewe heat during the day with an abrupt drop in temperature
Along the
coastal regions of the Red Sea and the Persian Gulf the Je-

at night and, a small but erratic rainfall.

sert temperature is mcderated ty the closeness of those bod-
ies of water. Texperatures seldom go cver 100°F, but the
relative humidity is usually over 85 percent. This combina-
ticn produces a hot mist during the day arnd a warm fog at
night. In Najd and the deserts a uniform climate prevails.
The average temperature is 112°F, Readingjs of up to 130-F
are common. In thke winter the temperature seldom drops be-
low 32YF, however, the almost total absence of humidity and
high wind-chill factor make for a <c¢old atmosphere. In
spring and autumn tlke temgperatcvres averaje 85“F. Along the
western and eastern coastal strips the prevailing wirnds are

from tae necrthern quadrant. A southerly wind is accompanied
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;a;lz ) Monti iy Jays o=
Tengerature PECpl“lta 1oL trhurder-
donth (“Ff (%) (in 1ncneb) storas
January €J0.¢ 289 0.91 J.ud
Jebruary €c.: 292 0.€3 J. 44
Marctk 72.9 236 0.10 0.56
April 79.08 296 0.51 144
lay 28.¢ 304 0.08 .22
June Su.5 308 0.04 J.30
July S5.95 309 0.00 J.90
Seitehver 512 307 0199 5.9
ember 2.5 . .
Qctcker 83.7 302 0.08 2.1
November 73.8 296 0.28 0.67
December €3.°¢ 291 0.1¢€ 9.00 |
Figure 12: Mean Temperatures and Preciplitation
Values 'Ref 26 ¢ 27] !
L _ -

by an increase in temperature and humidity aad by a particu-
lar kind of storm known in the Persian Guli area as “xauf",
In late spring and early summer a strong nortawesterly wind
called a "shamel", blows particularly severe in eastern aAra-

ria. The shamel groduces sand and dust storms.

.
dYonth o NE E SE S su ¥ NW Cala
Janvary 4] 0 0 C 0 0 0 70 )

April 39 30 20 16 0 0 Q ) )
1a 19 4 6 4 2 6 25 33 10
Ju 60 10 10 " 0 0 0 20 0
Octcrer 10 5 6 6 5 5 20 31 12
Figure 13: 'Surface %ind Data unalvsLs for Dhanran
{Ref. 28 & 29]

In winter, the Mediterranean cyclones (lows) ROVing west
to east in asscciation with ufpper trougas and jet streaas,
are considered the main rain prcducing systesms. The distri-
tution of winter rainfall shows maximum values in the penin-

sula's ncrthern part and a gradual decrease in the lowlands
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OL tne <astera and western sides. in the sSprangy, toe Mell-

t

.

Lfanean cjycicres continue to afiect trne rnorti. RED D BASENN N
alsc characterizel Ly weax stalfillity in the lower ataos
ic lavers ani larje Jaytime difierences tetwean iani anl wa-
tel sur laces, Trhese conditiors stimaulate active local cico-
cdlations retween land and sea, and petWween 2oantains apl
valleys particularly in trne southwest. In summer, tane ther-
mal @onsccen trcuyn 1is  establishel across the perninsula.
Thus rainfall is restricted tc the peninsula's soutawest
while the northern part is dry. In autumn, midlie latitule
disturbances begin to affect the northern [portion or tuae
peninsuia kat lccal «circulaticrn 1s weak therefore there is
only minor concentrations of rainfall in the north. The

rrejuency c¢f thunderstorms on the Ararcian Pexinsula 13 rao-

lated to tie rainfall distribution. There 1s & h.gjher Zre-
guency distributicn £ thunderstorms near the e€astern and
western ccasts tharn in the interior areas. (kef. 30]

C. SYNOPTIC CCMNDITICNS

The weather situvation during the months of May and Gcto-
ter for 1973, 1€73, and 1980 in Duahrar, Saudi Arabia will
re overviewed 1imn this section. Information was taken Iron
weather maps prcovided by the Naval Postjyraduate School Ye-
teorologicai Department. Data from radiosonde laancaes at
Station 40427, Eahrain Muharraj, were utili:zed. Banrair Mu-
narraj 1s located a proximately 25 miles east of Dhakra-.
It saould alsc ke roted that ail watches in Saudi Aratidg are
reset a3t sundcwn. Zhe information pcsted on the weatLer

maps atiliizeld tre Zulu Time Zore System. Saudi Aratia falls

-~

irto tie Peita tice zcne, thus 00332 is 04002 or 4 o'cloc
L the wornin:.

fiyares 16 ard 17 show the [ressurs, teapelature aLd Icw
pclint averajes for 1978, 1979, and 193). Mean daily temper-

atuies differed slijntly from history (see Figure 12). Ay

to
ta)
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. Pressure Temgerature Dew 2oirnt

Time YF (nk) (38 (9C)
320l o, ddACrL 7¢ 5.6 20.8 20.1 |

75 7.5 26.2 23.4

&d 0.4 27.5 20.73

12332 s 1o03CC 78 6.2 32.2 17.9

75 8.3 33.9 21.4

€0 6.1 30.5 20.32

Jyod i s 93000  Ave 5. 26.7 (30.1'5) 1.5

12))z s, 1623C  Ave 6« 32.0 (8%5.6'7) 19,5
i F'guLe 1€: *Mavy 1578, 1975, &€ 193D Pressure,

Temperature and Jew Folnt Averagjes' |
_ _ R _ __
T T N
) Pressure TemZerature Jew 2oint
Time Y8 (mb) (98 (33)
20002 s, J4300 78 11.3 26.5 23.¢
7¢ 12.3 29.2 2.2
g0 10.5 27.2 23.73
12322 , 1623CLC 78 13.9 31.93 21.3
79 12.3 32.3 22.3
g0 10.6 31.7 221
2099z , Jd490C Ave 11.5 27.6 8].5'?; 24.2
1230z , 163GE  Ave 11.4 32.3 (8%.0'? 22.1
Fijure 17: 'Cctober 1578, 1979, & 1530 Preassure,
Temperature and Dew Point Averagjes'
L - ——— -d
nad a mean of E4.T73F (29.39Q) which was U4?F cooler tharn the
nLori. October had a mean of E5.3'T (29.33Q) wilch was CZ°FF
warzer tharn norrnal.

Cvclones prederminantly (45%) arffected the area during tie
pontn oI May. Articyclones were only in tne area 3% or the
time. lowever, durinj May 137% anticyclones aZfect was 127.
duriny Yctoker 1979 and 1920, c¢ycliones dominated the area

33% Hf tne time.

In Cctotber

AL a4 4

1¢78, anticyclones were presclLt
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07 the Dhkairan- 3ahrain Muharrag area since

33% of the tiwme while cvclones c¢nl; 2%. Also durin. Cctorer
cf the tirze. Apar* Lroa tiue two €XCep-
tions these percentagyes are ccrsistent witi the climatolojy

Mediterran2arn

cyclones aficect the northern pertion oI tue peninsuala durin ;
spr.nj and rate aatuzr.

Figures 18 arnd 19 show that 507 oI the tine the winlds
were out of the rorth and ncrthwest. Winds oJut of the
soutnern juadrant were occasicnally seen &%t 22332 in Dboth
May and October but were abksent at 1200C. wirnds out o: the
rortn and northwest were the stronjest averajiayg Knots
(s€ee Figure 20).

- |

Time Y5 N NE E SE S Sk A Nw o o Calnm

€032z , 2400L 78 29 4 ¢ 3 8 13 4 33 9

79 17 7 ¢ 21 3 17 14 17 3
€EC 16 J 0 5 5 16 11 32 5
12002 , 1690CC 78 33 1¢ 4 J Q J J 33 J
7¢ 13 4.2 ¢ 1¢ o J J  1¢ J
80 - 25 12 19 J J J O 4y J
Ave 2% 15 310 3 8 5 31 1
Figjure 13: '*May 1678, 179, & 1980 Wind Direction (3%)
- -d
|
b r~— - -1
; Tiae YR N NE E ST S SH WooNY  Cala
L @ 93002 , 0o400rC 78 3 8 4 3 17 17 17 13 8
} 79 19 7 4 15 19 u 7 2¢ 92
1 80 7 0 0 7 17 14 17 35 3
12032 , 1690rC 378 22 33 7 4 7 2 4 22 9]
79 45 w10 3 0 Q0 J 28 Q
€0 31 7 3 7 9 0 3 48 0
| @ Ave 22 12 £ 7 10 S5 3 29 2
4
F Fijare 15: 'Cctoker 7978,r1979, & 1580 4ind DJirection
: .) |
r _— - - -
o
3 2¢
-
!
®
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nag 13 ¢ 1) 6 Z 7 6 12

Gctober 1C 7 7 7 £ 4 e 1

Fijure 20:; *¥ay arnd Cctober 1378, 1¢79%9, & 1530 #inl
Speed (Knots) Averages!

Jucting paencumencn for 1978, 1979, and 1980 is presentel

in Chapoter IV,

diosonie Lata Analysis Projects by GTIZ Sylva

inciuded here. These projects covered the
1969 and 1973 tc 1S74.

Bahrain Muharrag,

Fadioscnde data froa
proviled by the USa
was 1tilized b
Botl
(dNy/d2 < =120 % un

fcllcwirng graphs.

cal Applications Center (ETAQ)

Inc. to ottain their results. duct and

ing layer (SRLE) gradients
picted on thre

Figures 21 thru 28 reflect

months of May and Cctoter:
Aday
1. Fercernt Gccurrence
Elevated layers 10%
2. Miniaum Trapring Frejuency
for Elevated Ducts 430
3. Fercent Cccurrence
Surface lLayers 85%.
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IV. MODEL EEBEFORMANCE

A. DATA LESCRIETICN

fRadiosonde data recoried at 12002 (1600 Hours local) aad
0C00QZ (24C0 Hours local) on each day of May aud Cctober for
1978, 1979, ard 1980 were utilized for this study. This
data was cbtaired from the U.S. Air Force Z=Znvironaental
Technical Applications Center (ETAC) at 3cott Alr Force
Base, Illinois.

This raw data had to ke manipulated into a manajecatble
form first. Utilizing the Naval Postgradiate School I3M
3333 Conputer the data for each radiosonde launch was organ-
ized ard cut off at the 100 millibar [fressure level. This
correspornded to a maximum altitude of approximately 16500
pneters (54000 feet). Next, for each observation the refrac-
tivity, mcdified refractivity, dN/dZ, and dM/dZ were conmput-
ed. Zach launch record was then examined to determine if
ductinj was present. For each launch recordinjy where duct-
ing was probanle a plot of N, a plot of ¥4, a ray trace, and
a rlot oI power density were dcne. Comparing the modified
refractivity plcts and also the ray traces nine (9) distinct
gJroupings were established for further analysis.

The conputer prcgram utilized in this thesis was devel-
oped ty Rayaond P. wask y. ffe developed the model to ana-
lyze the effects of atmospheric refraction on the £field
strength c¢f radic emitters. He wrote the program in extend-
€1 FORTPAN languagye for the CLC 6600 Jdigital computer sys-
tem. In his cwn wcrds:

This proqgram is a gecmetric optics aodel of wave

propagaticr thrcu an 1inkomdojeneQus atmosihere
naving a_ vertically stratified” index of reirac-
tion. The LrCjram calcuiates the Jirection

of wavefrent fropagaticn by solviny the

b
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Euler-iajran;e equaticns cf£ ra's rnormal to incre-

mental sidrfaces. The ray trajectcries are then
used to corpute the _relative emitter Zfield
strength or fpcwer density (normalized to =Iree
space as a function of” altitude and Jdistance
along the €arth's surface. Fields which are re-

flected frcm the earth are attenuated oy a rFresnel
reflection ccefiicient and a surface rougjhness

factcer. Trte elevation angle and tize of prdopaga-
tion are calculated a;oné €ach ray patn to Jdetér-
mine the _direction of he wavefron propajation

PRy MAVeriont i aon IR OIS thr e bst SR oV EE
densi%y ccorputations. [Ref. 39)]

Jim 5lake, a student at the Naval Postgraduate School, <con-
verted this prcgrar for operation on the I3 3J)33 computar
systen. The program was further znodified for use in this
study to include piotting of "M" and "4M/3Z" versus heignt.
The model 1is afplicatle to propagation akove 3J0 MHz. Given
aL lsotropic emitter cf known freguency, polarization, pulse
width, and altitude thke "u", "ayNsdzv, "ua", "dN/3Z" and free
space norralized fower density and relative field strenjth
are calculated as a function «c¢f altitude and distarce alon g
the earth's surface. Ir the ray trajectcry diajrams an ar-
tificial upward curvature of the rays is pre_ent due to
plotting the earth's surface along a 1linear rathker than
curved axis.

The fcllowing parameters were utilized in running . he
prograa:
FLEGUENCY eevoeoovoncsceecnsanasaaas + 2900 MHz or 9800 MHz
Pulse width eeeeesesceccaccacacanaa & 6.5 psec or 1340 psec
90 It
15 £t
Epnitter Pclarizatich .eeeceeeecesas. : Vertical

Transmitter neight (aiove sea level)

(akove ground level)

Eartn Surface TYEe ececesceececeeess 1 Very Lry Land (Type 2)

Standard Jeviaticn in Height ...... : Smooth Plain (Type 3)

Fijures 35, 29, 43, 47, 51, €5, 59 and 63 present heignt
gailn curves coamputed at 2900 MEz for a 15 foot high emitter
(the apprcxinate Leight of ar antenna on top of a tracked

vehicle) . Vertical reference axes are Irawn at 29 nauadtical

32
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hid

mile intervals tc represent the zero 4% gain level of field
strenJth relative to free space va.ues. A scale for measur-
irng relative field strength is given in the upper right cor-
ner of each plct.

7ind directicn s:mbology (i.e. N for north, S rfor soutn,

E fcr Zast, etc.) was assijned tased on the folliowing:

Radiosonde Wind Direction Assigned Direction
keading (Degrees) Symbol
338 - 22 N
- €8 NZ
- 112 )
11z - 123 SE
188 - 202 S
- 248 SW
4g - 292 W
2¢2 - 338 NW

B. SURFACE ANC ELEVATED DUCTS

Atmospheric . Refractivity r[rrovided nine (9) distinct
grourings for «c¢cmrarison. Tre first eight grouyings have
some form of ducting. The rinth group is the composite

listing of all radiosonde launches which showed no ducting
presernt. The three sets of surface ftased ducts caused by a
surface layer are defined in Figure 29. The numbers depict-
ed are the averages taken from the data/findings witkin each

group/set.
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The three tyres of surfdace lLasel Jucts causel £y an el2-

vatel layer are decfined in 71ijure 33.
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Fijure 33: '*Surface Based LCucts Caused by Zlevated |
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Set 1 1is pictorially represented Ly 28 day 7% 00302 ir- ?

tae Zollowiny fijures. The heloit of the surrace pasel 2uict :

averagel approxicately 1135 feet. The internsity of the 317t ]
was approximately 48 M-urnits. There were too Lew data re-
cordingys tro Jdetermine a iomirant wind dirfection at tae

75-40) feet and 3000-4000 feet levels. A Nortuwest wind was N

dominant at tne 47C0-5250 IZeet level. The Dlnicum trapood f
freguency for this set was 51.3 Miz. This occurred 5% 0%

the time ccapared to the 12% of Fijure Z28.

" . W ST

Fijure 34 shows tlat ray trapping occurs mainly tetw:an
a

the earth's surface anil 1130 feet. The are€a above the duct
3hoWs a distinct aisence of rays. This wouid ¢ considerai
the radar hole. ahllie geometric optics predicts that there
is 0o {1eld present ir this regjion, geometric optics 13 not é

atle to sclve fcor Jdiffracted fields or fields resuitinj froa

leaky moles which are often present in atmospheric dicts.
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Set 2 is pictorially represented by 2% fay 380 00072 ir
the followingy figures. The height of the surface based duct
averaged apprcximately 893 feet. The width of the duct was
aprproximately 22 #-units. West ard Northwest winds at the
75-400 rILeet level, North and VYorthwest winds at the
3000-4000 feet level, and North arnd Northwest winds at tae
4000-5250 feet level were dorminant. The wpinimua trapped
freguency for this set was 80.2z2 MHz. This occurred 127 o0&
the time ccmpared to the 22% of Figure 28.

Fijure 38 shcws that ray trappirg occurs wmainly betwesn
the earth's surface arnd 700 feet. The area above the duct

shows a radar hLcle extending frcm 70 to 200 nautical miles.
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Set 3 is pictorially represented ty 28 May 73 120)J)C in

the followingy figures. The Zeight of the suriace Lasel Juct

averaged apprcximatelv 214 feet. The widti of trne duact wa

n

approxiiately € M-un.ts. North winds at tze 75-40J Zzet
level, Hcerth arnd Northwest wirds at tne :003-3J)710 reet Lz2v-
el, and YNorthwest winds at the 4200-5250 rfeet level acre
dominarnt. The ririzur trapped frejuency LOr thls Set was

684.0 1Hz. This cccurred 18% cf tze time coapac=zi to the 1€
of Figure Z£,

Figure 42 shcws tiat ray trappinj occurs ialnly between
the ecarth's surface and 2093 feet. The area acove the iuct
shows the presernce of a radar hole extendinj fZcom 30 to 200

ncutical miles.
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Set 4 is pictorially represented by 26 day 39 00332 in
the foilowiny figures. The helgyint of the surface Lasel duct
averagedl aprroximately 1270 feet. The €levated laver was
approxiwvmately 10¢3 feet thick. Tre width of tane Jduct was
approximately 4G A-units. There were too few iata recori-
ings to deterkine a Jdominant wind direction at  tae 73-400

feet, 3770-430C feet and 4200-5250 fect levels. The minimuan
tragpel fregquency Zor this set was 37.3 Miz. Iais occurred
2% oI the time ccazpared to the 11% of Fijure 28.

rigure 46 shcws that rav trapping occurs malnly between
the earth's surface ani 1300 feect, It also shows a nuambs=r
cf rejiors where there is a Jdistinct arsence of rays, pac-
ticularly the area accve the duct and the very low altituie

act .

s

Lecle extendin; frcecr 30 to 50 nautical 1iles witihin the
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Set 5 is pictcrially regresecrte

C fcllowing figures. The heil Lt oI tihe ulia.
! erajed aprroximately €40 Zfeet. TLe LNt L L .
E proximately 531 iecet thick. The wiler  ~Eoo - .
] proximately 11 M-urnits. TherCe wele T o3 e w i
to determire a Jcminant wind Zdirectiorn a1+ oo 7 -
3000-4000 feet and 4030-5250 feet levol..
trarpel freguency for this set was 132.2 ¥, T
2% of the time ccumpared to the 15% of Fljire _-.

Figure 50 shows ray trajiing C©CCUCL.L. . "« - : r
earth's surface and S350 feet. There 135 ar ar.-oLo .0 .

Do ..

te,

arove the duct (racdar hole) externdiny

(@)
=]
.
o
jou

S

3

e
cal miies and, a low altitude hole extendin, fr>: . r.
nautical miles. TLe hole rerpresents the tojioL .e€vOonl ot

eartn's hcrlizen where rays are€ unable tC fenetrdte iLI 13

frejuently referred tc as the earth's shadow rejior.
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the followirnj £figures. The height o

~ 28.
€

fijure 5S4 shows ray trapping occurring

nautical riles.
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Set 6 is pictorially represented ty 17 Oct 75
averaged approximately 1300 feet. The elevated

prcximately 20 M-urnits, West winds at tae 75-400
ir- e€l, North winds at the 3000-40C0 feet level, and

> Northwest winds at the 4000-5250 fecet level were
The minimum trapped fregquency for this set was

This occurred 13% c¢f the time compared to the 11%

00002 ir

tne surface kased iuct

layer was

aprroximately €79 feet thick. The width of the duct was aj

feet lev-
North and
Jdominant.
45.7 Miz.

oL Fijuare

Letween thae
earth's surface and 1100 feet. There 1s an absence of rays
aktove the duct (radar hole) extending from 60 to 230 nauati-
cal miles and, a low altitude hole extenliiang from 30 to 30
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Set 7 is pictoriaily representel Lty 25 ¥ay 30 003722 i
tne following figures. The elevated duct averajed aprroxi-
dately 1229 feet in thickness. The elevated layer wds ap-
croximately 755 fcet thick. The Width of the Juct was ap-
gproximately 2J M-units. Tnere were too Ifew data recor iinjs
to uetermire a Jdcminant wind direction at the 75-400 Zfect,
3000-4000C feet and 4000-5250 feet levels.

FiJure 58 shcws the presence of an elevated iduct. A low
altitude (1000 feet) radar hcle is present Lelow the duct

from 53 tc 200 nautical miles.
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Set 8 1is pictorially represented Lty 3 0ct 79 1zZ372Z in:n
tae following figures. The elevated duct averajed approxi-
mately B850 feet in thickness. The elevatel liayer was a;-
proximately 666 feet thick. "he width of tae Juct was ap-
preximately 13 M-urits. Northk and Zast winds at tae 7
feet 1evel, Jortn winds at tlke 3000-4J000 feet Level, arnd
North and Northwest winds at the 4000-5250 feet level were
corinarnt.

Figjure €2 shcws the presence of an elevated dJuct. il

(@]

W
daltitude (2000 feet) radar hc¢le is gresent below tihe duct

from 50 tc 200 nautical miles.
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Figjures 64 thru 6% attempt to show the «correlaticn >:Z

wircd direction ard wind speed tc the establisnment, locatiorn

and heigyhts of Jducts. Unfortunately, wind Jdirectiorn ani
wind speed Jata were very limited Dbetween 400 feet and 3200
feet. Nc aistinctive pattern was able to be obtained frow
the results. To comyare the wind speeds depicted here with

Figure 20 multiply meters per second by two to get knots
(1 a/s = 1.345 knots).

-
duct Type Set N NE E SE S SW ¥ NW Cala Total
Sur face Based 1 2 0 ¢ 3 2 2z 2 2 3 16
Duct Caused by 2 g 2 £ 2 1 210 4 7 41
Sur face Layer 3 18 21 5 1 0 9 5 3 58
Tct 28 4 2010 4 4 21 11 13 115
Surface Based 4 1 0 ¢ 9 0 1 1 1 2 6
Duct Caused Ly 5 2 0 1 1 90 0 .1 9 0 5 |
Elevated Layer 6 3 2 2 2 2 514 3 10 4y |
Tot 6 2 4 3 2 6 16 4 12 55 ;
Elevated 7 3 1 290 0 Q0 3 0 0 10 |
Duct 8 6 2 ¢ 02 0 0 4 2 2 21
Tot 9 3 & 0 0 0 7 2 2 31
No Duct Tet 45 15 17 11 0 5 24 4 7 128
TOTAL 88 24 49 24 6 15 68 21 34 329
Figure 64: 'Numker of Occurrences of Wind Direction
at Altitude 75-400 ft!
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wind Surface Pased Surface Based Elevated

Ji- LCuct Caused by Duct Caused by Duct

rect- Sucface layer Elevated Layer

ion Z 4 6 7 8
N 4.6 6.0 7.3 2.0 5.1 5.4 6.1 5.0
NE 9 Se1 4.1 Q 0 5.1 2.5 5.1
E 0 S.€ U4.3 0 2.0 4.4 5.6 4.1
SE 2.9 4.9 3.3 0 0 2.5 0 J
5 9 1.5 2.5 8 2.5 2.5 9 9
Sd 1.3 2.5 0 2.0 0 1.7 9 9
10 2.8 3.1 :.3 1.5 3.6 2.6 2.0 4.1
Nd 2.3 3.0 3.2 3.0 0 5.1 Q0 6.7
Figure 67: ‘'Average Win%t§;eed at Altitude 75 - 400

¥ind Surface PRased Surface Based Elevated

Di- Luct Caused by Duct Caused by duct

rect- Surface _layer Elevated Layer

i0n 1 2 4 5 6 7 8
N 6.0 7.7 6.4 6.2 9.7 1.7 0 7.0
NE o) 4.6 2.7 0 0 3.9 0 0
E 9 4.1 3.0 4.1 0 9] 0.5 4.0
SE 0 3.6 3.0 Q 0 2.5 V) 0.5
S 8.2 3. 2.0 0. 1.3 S.1 8.7 J
Sk 1.5 2.0 6.0 4.1 0 4.7 3.3 0
W 0.5 .7 7.0 0 0 2.7 11.3 5.9
Nd 0 11.6 9.7 0 10.8 6.7 7.0 5.1
Figure 68: ‘'Average Wind SEeed at Altitude 3000 -

4000 ft*

Wind Surface Based Surface Based Elevated
} oi- Duct Caused by Duct Caused by Duct
! rect- Surface layer Elevated Layer
F. ion 3 4 5 6 7 8
. N 4.6 7.¢ 7.7 5.9 6.7 6.8 3.6 6.0
NE 2.8 5.9 3.0 0 Q 4.9 Q 3.0
[ E 7.2 2.°% 0 7.2 0 2.4 0 7.3
‘ Sz 0 2.0 2.5 0 0 3.1 2.5 3.1
5 6.7 3.4 5.8 0 8.0 4.9 0 0
r SW 2.7 6.5 6.0 4.6 0 4.8 bel 5.0
o W 5.6 5.8 6.9 1.5 4.1 S.1 8.2 4.8
N4 7.2 7.9 8.5 3.6 11.8 7.4 4.9 5.8
Figure 69: ‘'Average Wind Sgeed at Altitude 4003 -
5250 ft!
° _
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Surface based ducts caused ry a surface layer occurred
35% of tne time; surface tased ducts caused by an elevated
layer occurred 1€% of the time; elevated ducts occurreld 1)%
of the tirme; andi, no ducts were present 33% of the tirne.
Duriny May at (000Z, surface based ducts caused py a surface
layer were predcrinant occurring 52% of the tiae. Of this
52%, Group 2 occurred 589 of tltke time. During May at 12032,
there were no signs cf ducting 52% of the tinme. However
surface based ducts caused by a surface layer did occur 37%
of the time. Cf this 37%, Group 3 was present 63% of tne
time. Duriny Cctober at 0000Z, surface based Jucts caused
by elevated layers occurred 38% of the time. 0Of this 387,
Group 6 occurred €t5% of the tirne, During October at 12002,
there was no sign of ducting S€% of the time. Azain how-
ever, surface lLtased ducts caused by a surface layer did oc-
cur 24% of the time of which 86% were Group 3.

C. LAND-SEA BREEZE

Thru analysis it appears that between the heights of
951-1200 meters 1is where the weather maps used in Chapter
III jet there readings for wind direction and speed in tae
Dhahran area. Figures 70, 71, and 72 contain the data re-
ccrded during the radiosonde launches. This information

matches pretty well with Figures 18, 19 and 20.

o =
Time IR N NE E SE S SW W NW Calim
0000z , 0400D 78 32 0 0 5 S 1 Q47 )

79 15 8 18 15 15 J 3 23 Q

81" 26 4 0 0 7 7 7 44 4

12002 s 16CO0D 7& 29 7 0 9] 7 14 7 29 7

79 46 8 0 8 3 3 23 0 0

80 43 0 0 0 3 4 9 35 3

Ave 32 4 2 4 8 7 3 33 <

Figure 70: "May 1678,1979, € 1930 Wind Direction (%)
at 39120 =" 3837 feet? ;
]
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Tiae IE N NE E SE S SW 4 N¥W Calnm
32262 , J4920D 78 33 17 8 0 0 17 17 8 0
79 36 9 5 5 9 14 J 18 5
30 38 4 8 0 0 12 8 27 4
1200Z , 16C0D 7€ 0 22 22 11 11 N 0 22 9
79 48 0 0 J S 14 10 24 2
8C 390 0 4 4 7 15 0
Ave 34 6 6 3 5 19 3 26 2
Figure 71: 'Octoker 1978,1¢79, & 1980 Wind DJirection
(%) at 3120 - 3637 feets
;
1
Moath N NE E SE S S% W N
Ma 8.1 4.1 3.6 2.8 6.1 4.6 6.7 9.3
Octoker 6.5 3.4 3.1 3.2 5.3 5.0 4.4 7.1
Figure 72: ‘*May and October 1978,1¢79, & 1930 %ind
Speed (m/sec) Averages at 3128 - 3837 feet!

However, this data dces not shcw the effect of the land-sea
breeze. Lata ketween the rLeights of 23 to 122 @meters
(75-430 feet) shows a better picture (See Figures 41,42 &
u3).

Time YR N NE £ SE S SW W NW Calam
0000z , 0400D 78 26 0 y 4 0 4 3D 9 22
79 24 4 0 8 3 8 1o 0 32
80 22 0 0 0 4 4 56 15 0
Ave 24 1 1 4 4 5 35 8 17
12022 , 160CD 78 57 13 26 4 0 0] J 0 9]
79 22 9 €1 9 0 9] 9 0 0
80 54 19 19 8 0 0 J 0 0
Ave 44 14 Z5 7 0 J 0 0 9
Figure 73: *May 1978,1979, € 1430 Winpd Direction (%)
at 757-"hoC foet j
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Figure 75: *#ay and COctober 1978,1979, ¢ 1
Speed (m/sec) Averages at 75 2480 fe

Tine Yk N NE E SE S SW A NV Cal:z
2000z s 24000 78 i 0 4 7 0 14 4o 4 2
73 8 0 4 12 g4 4 20 1o 32
80 4 Q Q 4 Q 4 bud 7 13
Ave 5 0 2 7 1 7 44 12 24
1230z , 1600D 7& 29 13 29 13 u J 4 u 4
79 33 21 29 4 4 4 J 4 0
80 38 17 14 14 ) 3 3 7 3
Ave 34 17 23 1) 3 3 3 5 3
Tigure 74: 'Cctoker 1978,1579, & 1980 Wind Direction
(%) at 75'-"400 feet?
- —_——— R
B 2
Month Time 3 NE E SE S SW W NW
May 0000z 5.3 4.6 2.0 2.2 2.2 2,3 2.8 13.°%
12062 8.1 5.5 4.8 5.2 0 Q 0 J
October 00302 .8 ) 2.0 2.7 2.5 2.2 2.7 3.
1200z 6.9 S.4 3.6 3.6 3.2 3.6 5.7 4.

380 ¥Wind
et!
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At J00CZ winds frcm the west at 2.7 meters

per second

(5.4 kpcts) form the land breeze. At 12002 winds £from the
nortao at 7 to § meters per section or from the east at 4 na-
ters per second (8 knots) form the sea breeze. Anen the
winds blow from the west, northwest or southwest forminyg tne

land breeze, they shifted to the north, northeast or east oy

¢ 12002 to form the sea breeze. Wind sreed was stronger for
I the sea breeze as expected. Nc¢ correlation couid pe deter-
mined Letween the cccurrence orf land-sea breezes and
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V. TACTICAL AEPLICATICNS

——— —— —— —— —— e o o . o oS

Tactical military commanders can not survive without uaak-
ing use of and exploiting the EM spectrun. Althoujk tae ZM
spectrum Las been utilized the military has not fully con-
sidered atmospheric effects on the EM spectram. The follow-
ing commonly use€d systems exenmprlify the affects atzospheric

arnomailes have cor EM propagaticn.

A. RADAR

The military has teen the major user of ralar and the
contributor of its developmental cost. The major areas of
radar applicaticen for the miiitary 3includes but is not lim-
ited to air traffic ccntrol, aircratt navigation, suip safe-
ty, remote sensing (i.e. used as a remote sensor of the
weather or as an icnospheric scunder), surveillance and for
controli and guidance cf weapons. Conventional radars yener-
ally operate between 220 MHz and 35 GHz. These are not the
limits. Radars which operate outside these limits include
skywave HF over-the-horizon radars (operating as low as U
MHz), grcunl wave HF radars (cperatiny as low as 2 4dz),
millimeter radars (S4 GHz) and laser radars operating at yot
higher rfrequencies [fef. 40]. Some exarples of radars gres-

ently utilized ky the U.S. Military are as follows:  Ref. 41)

Ncmenclature Use Operating Freguency
AN/FPS-6 Heightfinding 2700 - 2900 MHz
AN/PPS-S Ccmtat Surveillance 16 - 16.5 GHz
AN/PES-6 Eattlefield Surveillance 9 - 9.5 GHz
AN/TPN-18d Ground Control Agproach 9 - 9.6 Giz
AN/T2N-25 Frecision Approach 3 - 6.2 Gliz
AN/TPS-22 long Range Surveillance 2905 - 3080 MHz
AN/TPS-U43Z BAlr Defense 2900 - 31090 MHz
AN/VPS5-2 Air Defense 9200 - 9250 MHz
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The radar egyuation relates the range of a radar to the chac-
acteristics of the transmitter, receiver, antenna, target

and eavircnaent.

P G~ 3, O I; {n) [ 1/4
B, | —m====mmmmmmm (Eqn 10)
(4s)> K (T..+ Ty ) B, L, (S/N), .
where, RMA:— = paximum radar range (o).
P~ = feak power output of radar (watts).
G = anterna jain cf radar.
A, = effective antenna area (mz).
o = radar cross section (a2%).
I,(n) = integration improvement factor.
K = Boltzmann's ccnstant (1.38 x 10°22 J/Deg)
T = antenna noise temperature (“K).
Te = €gquipment Dnoise temfperature (“K).
B, = noise bandwidth (Ez).
L = system losses.
(S/N)MN = ginimum signal to noise ratio of a sinjla2
Fulse.
This eguation £finds the maximur radar range. However it

does not take intc consideration atmospheric refractivity
which as secen in Figures 34, 38, 42, u6, 50, 54, 58 and 52
can have a severe impact on what a radar actually sees.
Eattlefileld =surveillance radars such as tne AN/2PS-5
which carn detect zen cut to 5000 meters and vehicles ouat to
10,000 meters or the AN/PPS-6 which can detect personrnel out
to 1530 meters and vehicles out to 3000 meters 100k out hor-
izecntally along the e€arth's surface and therefore will not
te affected by atmcspheric refractivity. Aircraft control,
precision apprcach {AN/TPN-25 & AN/TPN-18A) arnd short rarnje
air defense (AN/VPS-2) radars which look out to a ranje o%
40 miles will ke sligntly affected. Atmospneric conditions

were present 6.4% cf the time which would <cause EY waves to
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Lend (sce Figures 34 £ 4¢) Creatirg a radar hole albove the

2300 foot level. long range suarvelllance (AN/T23-32) and

W_QM*A R w

air defense (ali/T2S-42E) radars which have rangjes inL excess
of 240 nautical miles {nmi) will be severely afiected. Ra-
dar hol<s wer= fprecent starting at a distance oI 39 noi from
the raldar at a Lkeight of 200C feet 57% 0f tihe tize unier

study.

B. CO4ANMUNICATICNS

#¥ and VHF ccmamunication systems ofperating at rfreguencizs
less than 45.7 MHz would not have been appreciably affecteld
by atmospheric refractivity during the study moaths. Tracs-
mitters oreratirg atove the followirg fregquencies woull have

exrerienced exterd<d ranges at the also listed percerntages:

Frequency Extended Range Percentage
45.7 MHz 13%

47.3 MHz 15%

51.8 MHz 20%

80.2 MHz 32%

132.3 ¥4z 34%

6€4.C MHz 52%

The trapping o¢f Z¥ =<signals in surface ducts and elevated
diocts alsc showed that signal strength loss was not as sa-
vere as it 4ould have been had there been no duct presernt.
Hence the intercept of signals could be made at longer dis-

tances arnd with less sensitive receivers.
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¥i. CCNCIUSIOSS ANLC RECOMMENDATIONS

— i T ——— D i ——

Surface based Jucts and elevated ducts were present ol¢
of the time during thke months of May and October in 1973,
1979 and 1660. These ducts wculd aost severely affect loug
range surveillance radars due to the presence of radar
holes, and combunication systemxs Ly extending their noraal
transmitting range. kadar holes were predoainantly present
startiny at a distance of &) numi from the radar at a neignt
of 2000 feet ard rising. Elevated ducts present 10% of tae
time to a maximuzm height of 2000 feet will also Jegrade the
performance of Side Lcoking Airktorne Radar (SLAR) and Joint
Army Air Force Surveillance and Attack Radar System (JSTARS
{aircraft height aprprcximately 15,000 feet) if they were to
te utilized in this area of the world.

The land-sea breeze phenozenon was present ducing the
study months. Nc correlation could be deterained betwes=n
the occurrence cf the land-sea treezes and ducting.

A porticn of this thesis attempted to show the correla-
ticn of wind direction and wirnd speed to the establishment,
location and tLeights of ducts. Aind direction and speed
data was very 1lipited between 400 feet and 3000 feet. By
ccincidence this area happened to be located either directly
inside or just above the duct. Hence no distinctive pattern
wdas able to be orbtained from the results. In the future,
more Jata is needed to be obtained from radiosonde launches
ia the predicted duct area in order for a @more reasonable

analysis to occtr.
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COMPUTER EROGRAM

//PETERSEN JO3 (23:10,0391),'S¥C 2310',CLASS=C
//*MAIY CEG=NPGVM1.2310P,LINES=(60)

//*FCRYAT PR, DCNAAE=FLOT.SYSVECTE,TEST=ICCAL
/s EX2C FRTACLGE,EAFM.FOET='MAF,GOSTHT,XRETF!
//FCRT.SYSIN DL *

C THIS PRCGFAl WAS OnIGINAILY DEZVELGEZD 3Y RAYHMOND P. ..
C 4 ASKY. rRCGEKAM CONVERTEL FORrR USE ON T4E IB4 3033 3Y..
C JIM ELAXE. FRCGRAM MODIFIZD FOER "M"™ AND "OM/DZ"™ EY ..
C B3Y WAYNE F. EETZIRSEN. .
C====- THIS PRCGRAM IS A GEOMETRIC OPTICS MODEL OF WAVE oo
Cewemm—- PROFAGATICN THRCUGH AN INEOMCGENEOUS ATMOSPHERE HAVING
C==—=- A VERTICAILY STRATIFIED INDEX OF EEFRACTION. THE .
Com—m- PROGrAM CALCULATES TEE DIFECTION CF WAVEFRONT .
Ce=em- PROFAGATICN EY ESOLVING THE EULER-LAGRANGZ EQUATICNS OF
Com==- RAYS NORMAI TO INCREMENTRL WAVEFRONT SURFACES. TEE ..
Cemm=- EAY TRAJECTCFIEZ ARPE THEN USED TO COMPUTE TdZ RELATIVEC
C=mm=== EMYITTER FTIELD STRENGTH OR POWZIR CJENSITY (NORMALIZED IC
Co=—-- TO FREE SFACE) AS A FUNCTICN OF ALTITUDE AND DISTANCE
Commm- ALONG THE EAFIH'S SURFACE. FIELDS WHICH ARz EEFLECTED
Cmm==== FROM THE FAKTH ARZ ATIENUATED BY A FRESNEL KREFLECTION
Cemmm-= COEFFICIENT AND A SURFACE ROUGHNESS FACTOR. THE .o
C=—=~==C ZLEVATICN ANGLE AND TIME CF PRCPAGATION ARE CALCULAIED
C==-=- ALONG ZACH RAY PATH TC L[ETERMINE THE DIRECTION GF THE
Com=—- AAVEFRONT PRCPAGATION VECTOR AND THE PHASE RELATICU-
Cammm= SH1IP BETWEEN INIEFFERING WAVEFRONTS FuR THT FIZLZ o
C=mme- STRENGTH AND ECWEZE DENSITY COMPUTZTATIONS. .
C
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(C % o okt ook ok ook ko ok ok ok i okok ok ok ok ok ok s ok ok ook ok ook o ok ok ok ok ok ok okl ROR K ok Rk e R %
C DATA INEUT x

*

O O

4I5S FrCGEAM WILL ACCEPRT TWH =T *
J FCR INFUT OF 13
Cil = 1 FCR INPUT O
NPUT FCEMAT IS 6(F10.3). IF THE HIGHEST HdEIGHT IN FZEI *
THAN YCUE ASSIGNED YMAX you can onwly rejuest *
S A¥D2 EFLCIS FOER "“AN", "“IN/DZ", THE ray trace arl *

z
{EXR DENSITY. SEE SUBROCUTINE RETRCT rOE explanatiox *

'
IGHT, N, X, DNDZ, & DMDLZ. *

CHECK EEAD STATENMENTIS YOk OTEIR WECESSAEY D2ATA TO BE *

input. *

Fokokkkck AR K AR X G F G xxrokk ek kk Xk phkokokkok ko khokkkkk ek kxkk kg hxkk X

C
c
C
C
c
C
C
C
C
C
c
C
Chdddokk btk hhhxhhkdhr Sk hk ok pphhhk ddhhr ko ke h ko k ok Fkk % %
C
C
C
C
c
C
C
C
C
C
C
C

PLOTS *
______ *
THERE ARF SIX PLCTS AVAILABLE IN THIS EXCGAA1: *
1. REFRACTIVITY (N-UNITS) VS HEIGHT (FZ=T) *
> 2. DNsDZ (N-UNITS/XM) VS HEIGHT (FEZT) *
F’ 3. MCLCIFIEL INDEX OF REFPACTIVITY (3-UNII3) *
{ vs Height (feet) *
4. DM/DZ (M-UNITS/KM) VS HEIGHT (FIZT) *
. 5. RAY TRACE *
- 6. RELATIVE PCWEE DENSITY *
! .
: Sk ok i ek ek ck ok bk kel ke A ok kol Ak ko ko ok kkkok Rk kkokdk %
o ..
[
L
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C % ook o ok b o ok e ok o ok ot ke ol ok kol ek kol ki ok ko k Rk ok kk Rk ok ek kRl ok k ok k ok ko kkkok Xk

o o O 0 0 0o 0o 0O

OO0 0 0000000000006 00aon0no0onn0n

NCASE

¥PRO

NDATA

HN (1)

EN (NDATA)

HF (?)

RN (1)

RN (NDATA)

AHS

AHO

TAIN

YMAX

XFINAL

ELOS1
ELOS 2

*1y

MR

VARIASBLE LCEFINITICNS

NUM3BER OF FEOCGRAM RUNS.

CCDE FCE REFRACTIVITY MID

L

(&3}

{=0 FREE SEACZE MCDLL;

=1 EXPONENTIAL MGDIL; =2 IJPUT MODIL)
NUMBER OF REFEACTIVITY EROFILI DAT

IEVELS (NILATA =
HIGHEST ALTITUDZ
PROFILE (FEET)

OaTh
1 IF NPRC = 0 CX 1)
IN RITRACTIVICY

LCWEST ALTITUDE IN EEFRACTIVITY

FROFILE (FEET

ALTITUDE IN REFRACTIVITY PROFILE

(METEES)

REFRACTIVITY 4T HN(1)
REFRACTIVITY AT HN (NDATA)
EARTH SURFACE ALTITUDE IN FEEZT ABOVE

SEA LEVEL
EMITTER ALTIITUDE
SEA LEVEL
MINIMUM ALTITUDE
LZVEL FOR ERINT
MAXIMUM ALTITUDE
LEVEL FOR ERINT

IN FEET ABOVE

IN FEET ABOVZI SEA
AND PLQCT OUTPUT
IN FEET ABCVE SEA
AND PLQOT 0JUT2U7T

DISTANCE INTERVAL IN NAUIICAL MILES
FOR PRINT AND PLOT CUTPRPUT

MAXIMUM DISTANCE

IN NAUTICAL MILES

FOR PRINT AND PLOT OUTIPUT
HIGHEST RAY ANGLE IN DEGREES

LCWEST kAY ANGLE

IN DEGREES

(DIFFERENCE ZETWEEN ZLOS1 AND ZL0S2
CAN BE NO MCEE THAN ONE DEGREE)
IZIMITTER FRECQUENCY IN MEGAHERTZ
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- EMITTER PULSE WIDTZ IN MICROSEC
(IF EMITTEE IS CONTINUGUS WAVE
PF = 1000000.0 )
- CCDE FCR EMITTER ECLARIZATION
(=1 HCRIZ; =2 VERT)
-~ CCDE FOR EARTH SURFACE TYPE
=1 SEA WATER; =2 VERY DRY LAND;
=3 AVERAGE LAND; =4 VERY MOIST LAND)
CCDE FOR SUEFACE ROUGHNESS
(SEE TABLE BEZLOW)
STANDARD DEVIATIONS OF HEISHT
(SEA) (LAND)
0.0 0
0.2 9
0.6 30
1.1 56
1.7 112
2.6 214
4.3 429
8.6 1288
12.9 2146
- CCDE FOR REFRACTIVITY PROFILE PRINTOQUT
(=0 NO PRINTOUT; =1 PRINTOUT)
- CCDE FOR REFRACTIVITY GRADIENT PRCFILE
PRINTOUT (=0 NO PRINTOUT; =1 PRINTOUT)
- VARIABLE NCT USED - SET = 0
- CCDE FOR REIATIVE FIELD 5T
FOWER DENSITY PRINTCUT
(=0 NC PRINTOUT;
=1 RELATIVE FIELD STRENGTH PRINTOUT;
=2 RELATIVE POWER DENSITY PRINTOUT)

tn
txy
=

m
ta
=z
(9]
3
oo
o
tn

3

3

#* % # 3¢

# 0 %  # # #* ® # F  #®

#* 3t

3

# % % #

*

*

- CCDE FOR MCICIFIED INDEX OF REFRACTIVITY *

PRINTCGUT (=0 NO PRINTOUT; =1 PRINTOUT)
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0N 0O 0 o0 o000 000000000
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KMGRAD

NGRAD

NMGRAD

SCAL

t2

CODE FOR MYCL INDEX OF
FEEINTOUT (=0 NO PRIN
CCDE FOR REFRACTIVITY
(=0 NO PLOT; =1 PLOT)
CCDE FOR REFRACTIVITY
(=0 NO PLOT; =1 PLOT)
CCDE FOR RAY TRACE FL
(=0 ¥0 PLOT; =1 PLCT)

REZFRAC GRAD

TOUT; =1 PRI
PLOT

GRADIENT 2L

0T

OT

CCOZ FCOR REIATIVE FIELD STRENGTH Ok

FOWER DENSITY PLCT
(=3 ¥c¢ plct;

=1 RELATIVE FIELD STRENGTH PRINTOUT;

=2 PRELATIVE POWER D

ENSITY PLOT)

CCDE FCR MCLIFIZD INJEX OF RZFRACTIVITY

LOT (=0 NC PLOT; =1
CCDZ FOR MCL INDZX CF
ELOT (=0 NC PLOT; =1

PLOT)

REFRAC GRADIENRNT

PLOT)

SCALE FACTCP FOR ENLARGING OR REDUCING

FLOT SIZE FRCH IIS XN

ORMAL S5 X 10

INCH FORMAT. NORMAI PLOT SIZE GIVEN

EITH SCALE = 1.0

NUMBER OF CHBARACTERS IN PLOT BANNER

CHARACTERS IN PLOT EA
NUMBER OF C(HARACTERS
CHARACTERS IN X-AXIS
NUMBEE OF CHARACTERS
CHARACTERS IN Y-AXIS
NUMBER OF CHARACTEEKS
rLOT TITLE
CHARACTERS 1IN FIRST L

NNER

IN X-AXI3 LA
LABEL

IN Y-AXIS LA
LABEL

IN FIRST LIN

INE OF PLOT

tn

OF

TITLE

NUMBEER OF CHARACTERS IN SECOND LINE OF

ELOT TITLE
CHARACTEES IN SECCHD
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( I4PLICIT EKEAL*8 (A-H,0-2) . #
' CCMMCN /CNECCM/ CRH,CRX,CKG,DTR,PHASE,THZTA,C,C1,32 .
1 ,RH0 (51,30),PHI (51,3C) ,PI,CHNF,CNAUT,denot . ~
2 ,FRC,TPW,ABSRH, NHV, NSL, NEMS,JAREA, NDATA . }
CcoMMCH /TWOCCM/ RA,DELX,AHS,AH0,ELO(51) ,EXMAX, XFINAL . ?
1 (jray . .
CGMMON /THRCCM/ VX (30),YMIN,YMAX,XDIV,YDIV .
1 ,H(51,30),G(51,30), HY (100) ,EN (100) ,S (51,30) ; ]
2 ,JPLT,KEEF ,KGRAL, KP1CT,JPLCT,IPLACE, JCASE,NZLO . f
3 ,NREF,NRAY,¥PRO,NPLCT,NGEAD,SCALE . *
CCMMCN /FCRCCM/ DNDZ (100),RM(100),DMDZ (100) ,KMIR . ‘
1 ,xmgrad, NMIR, NMGRAL,HF (100) , DATCTL, Z,LL .
INTEGER DATCIL .
REAL*16 PCL(Z),TER (4),REFMOD (2, 3) .
DATA POL/10HECKRIZONTAL, 10EVERTICAL / .
DATA TER,10ESEA WATER ,10EDRY GROUND, 10HAVG GROUND, . il
1 10EWET GROUXND/ .
DATA REFMCD/10HFREE SPACE,10H MODEL , 1T0HEXPONENTIA , .
1 10HL MODEL  ,10HINEFUT PROF,104ILE MODEL /- }
DATA CM/2.95€D+08/ .. ,
o .. -3
C SET UP THE NUMBER OF PROGEFAM RUNS ..
g REAL 300,NCASE .. ‘
’. C IF CATA CCNTECL (DATCTL) = 1, THEN INPUT DATA .. é
8 CONTAINS EFIGHT, N, 4, DNLZ, & DMDZ. IF = O, THZN ..
9 C INPUT DATA CCNTAINS HEIGET & N ONLY. ..
: REAC 300,CATCTL .. |
y DO 200 ICASE=1,NCASE .. i
; .. »
* C REAC AND ERINT TEE INPUT LATA . . ]
f REAL 300, NPRG ..

; REAL 300, NDATA .. »
: ]
: 84 ]
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D0 & ID=1,NLATA
IF (CATCTIL) 4,4,3
REAC 320,KEF(ID),RN(ID),RM(ID),DNDZ(ID),DMDZ(ID)
50 IC 5
4 ®REAT 320,FF(ID),BN(ID)
CONVERT HEIGET LATA FROM METERS TO FEET
HN (IC) = HF(ID) * 3.280840
3 CCNTINJE
REAL 320,AES,AHC
REAL 320, YMIN,YMXAX
R EAL 320,XDELTA,XFINAL
REAT 320,FL0OS1,ELOS2
REAT 320,FR,PW
REAL 300, NHV,NSL,NRMS
REAL 300,KREF,KGRAD,KRAY,KPLOT, KMIR, KMGRAD
REAL 300, NREF,NGRAD,NRAY,NPLOT, NMIR,NMGRAD

(9%}

PRINT THE INEUT DATA
PEINT 330

PRINT 340,NCASE,NPRO, (REFMOD (IRM,NERO+1), IRN=1,2),
1 NLATA

PRINT 350, 2HS,AHO, YMIN, YMAX

PRINT 360,XCEITA,XFINAL

PRINT 370,FELCS1,ZLOS2

PRINT 330,FRC,PW,POL (NHV) ,TZR (NSL) , NEMS

PRINT 390,KIEF,KGRAD,KRAY,KPLOT

PRINT 395,K4IR, KMGEAD

PRINT 40C,NXEF,NGRAD,¥YRAY,NPLOT

PRINT 405,NM4IE, NAGRAL

STILL CHECKING IPUTTED CATA

PRINT 500

D0 13 ID=1,NIATA

IF (LATCTL) 12,12,11

T T O, T U . W . T Py L . S SR, S S

Y T T
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11

12
13

14

15

20

25

PRINT 51C,HF (ID),HN{ID),EN(ID), KM (ID),dNDZ(ID),
CMCZ (IL)

GO TC 13

PRINT 530,BF (ID),HN(ID), EN(ID)

CONTINUE

SET UP INITIAL ATHOSPHERIC REFRACTIVITZ CONSTANTS

IF (NPRO-1) 14,15,20

FREE SPACE MCDEL
C1=0.0

€2=C.9

30 1C 25

EXPCNENTIAL MCDEL
C1=313.9
C2=0.00004386

GO 1IC 25

PIECE-WISE LINEAR MODEL
C2=0.00004386
C1=RN (1) *CEXE (C2%HY ( 1) )

SET UP INITIAL CONDITIONS
C=CMF*CHM

NELC=50

DENCI=1./FIOAT (NELO)
DELX=CNAUT#*ZDE1LTA/10.
EXMAX=CNAUT*XFINAL
FRQ=1000000.C*FEkQ
PLACE=EXMAX/DZIX
TPW=PW/1000CC0.0
ICAIC=KPICT+NRAY+NPLCT
IPLACE=IFIX(SNGL (PLACE)) #1
IPLCT=NREF+NGRAL+NRAY+NPICT
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O 0

30

31
32

33

34

35
36

37

S0

51
52

53

JCASE=ICASE
JPL1=0
NELC=NELC+1

CALL ROUTINES IF T

dERE IS A PRINICUT OR 2LOT O
REEFEACTIVITY FRCFILE

|
+3
o
U

JPLCTI=1

IF (NRZF) 30,30,31
CCNTINJE

IF (KREF) 23,33,32
CALI PLOTTE

CALL EZFECIT

CALL ROUTINES IF THERE IS A PRINTCUT OR PLOT OF THZ
REFFACTIVITY GRADIENT

JPLCT=2

IF (NGRAD) 34,34,35

CCNTINUE

IF (KGRAL) 37,37,36

CALL PLOTTE

CALI REFECT

CALL ROUTINES IF THERE IS A PRINTCUT CR PLOT O
MODIFIED INDEX CF REFRACTIVITY PRCFILE.

JELCT = 5

IF (NMIR) 50,50C,51

CONTINUE

IF (KMIR) 53,53,52

CALI PLOTIR

CALL REFECT

3
3
a:
Ly

]
21
t

CAILI ROUTINES Ir THERE IS A PRINTOJT OR PLOT OF
MODIFIED INDEX CF REFRACTIVITY GRALDIENT.
JPLCT = 6
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40
42

44
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IF (NMGRAD) S4,54,55
CCNTINUE

IF (KMGRAL) £57,57,56
CALL PLOTIR

CALL REFECT

CHECK IF THCLFE ARE ANY FUSFTHER CALCULATIONS
IF (ICALC) 200,200,40

CHECK IF THEFE IS TO BE A PLOT OF THE RAY TRACES.
IF SC, CAIL FCUTINE IO SET UP THE EFLOT AXES.

IF (NRAY) 44,44,42

JELCT=3

CAIL PLOTTE

CCNTINUE

SET U2 A I10OF TC CALCULATE THE ALTITUDE PROFILE GF
SACH RAY.
DO 100 I=1,NELC

INITIALIZE FCR INTEGRATICN

CRH=AHO

CEX=0.0

ICCC=I-1

ELO (I)=E1CS1-DENOT*FLOAT (ICCC)
EANG=DTR*ELC (I)
CKG=((RA+CFH)/EA)*DSIN (EANG) /DCOS (EANG)
JRAY=I

CALI ROUTINZ TO COMPUTE EKAY TRACES AND PROPAGATION
TIMES.

CALLI RKINIG
CONTINUZE
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C RESET PAKAMETER VALUES
DELX=10.*[ELX
IPLACE=IFIACE/10#1

CALL ROUTINES IF THERE IS A PRINTCUT OR PLOT OF THE
C REZLATIVE FIELD STRENGTH CF RELATIVE POVER DENSITY.

120 J2PLCT=4

IF (NPLOT) 12C, 130, 140
130 CONTINUE

IF (KPLOT) 200,200,150
140 CALL PLOTTE
150 CALL HGAIN
200 CONTINUE

CALL LIBRARY ROUTINE FOR CN-LINE ELOTTING
IF (IPLOT) 220,220,210

210 CALL PLOT (0.,0.,999)
PRINT 430

220 CONTINUE

300 FCRMAT

320 FCRMAT

330 FORNAT
1

340 FORMAT
1

350 FORMAT
1

360 FORMAT
1

(615)

(6E10.3)

(181,2X, 'ATMOSPHERIC RADIO REFRACTIVITY ',
*CCMEUTATIONS'//)

(2%,  NCASE="',I6,

2%, NPRO=',I6/

2%,'  MODEL=',5X,2A10/

2%,'  NDATA=',I6,4X,'LEVELS")

(2%, AHS=',F10.2,4X,'FEET"/
2%, AHO=',F1C.2,UX,'FEET/
2%, YMIN=',F10.2,4X,'FEET"/
2X, " YMAX=',F10.2,4X,'FEET")

(2%,' XCELTA=',F10.2,4X,"NAUT MI'/
2%," XFINAL=',F10.2,4X,"'NAUT MI')

89
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[ 370 FCRMAT (ZX,'  ELOS1=',F10.2,4X,'DEG'/ .. ]
}T 1 2%, £10S2="',710.2,4%X,'DEG") .. *
C 380 FORMAT (2X,° FRQ=',F10.2,4%, 'HHZ' / .. \
{ 1 2%, PW=',F10.2,4X,"MICRC3EC"/ ..
! 2 2%, FEOLAE=', 5,110/ ..
: 3 2%," TERRAIN=',5%,A10/ .. ]
kl 4 2%,1 NRMS=',I6) .. ﬁ
[ 350 FGRMAT (2X,° KREF=',I1€, .-
1 2%,'  KGRAD=',I6/ ..
‘ 2 2%, KRAY=',I6, .. ]
}E 3 X, KPLOT="',I1¢€) .. i
395 FORMAT (23X, KMIR=',I6/ .. ]
1 2X,' KNGRAD=',I6) ..
t 400 FORMAT (2X%,° NREF=',I6/ .. 1
{' 1 2X,'  NGRAD=',I6/ ..
' 2 2%, NRAY=",I6/ .. 4
o 3 2%, NPLOT=',I6) .. 1
4 405 FORMAT (ZX,° NMIR=',I6, 3
}& 1 2X," NMGRAD=', IE) .. 1
> 430 FORMAT (5X,'END OF FILE CN PLOTTER TAPZY) .. ]
E: 500 FORMAT(/3X,"BT (M) ',4X,"HT (FT) *,9%X,'N',10%,'4',6X, ..
- 1'DNLZ',6X%,'D¥DZY) .. J
Fi 510 FORMAT(6F11.3) . . ﬂ
530 FORMAT(3E11.3) .. !
" STOE .o
t. ZND .. i
:- :***#**************#*#*********#*#*******#*************#**** »
[ . C#*******#********#***********##*ﬁ************************** »
E‘ SUBRCUTINE REFRCT .. j
o ; - :
3 Cmmmm- THIS wOUTINE CALCULATES ANL PLOTS THE REZFRACTIVITY AND ]
o C-m—m- REFRACTIVITY GRADIENT PRCEILES .. 1
' C .. ]
o 3’
! 90 1
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IMPIICIT FEAL%8 (A-H,C-2) .

- COMMONX /ONECCH, CRH,CRX,CEG,DTR,PHASE,THETA,C,C1,C2 .

,(7 1 ,REC (51,30),24I(51,3C),PI, CMF,CNAUT, DENCT }

‘ 2 ,FRC,TDPW,AGSRH, NHV, NSL, NEMS,JAREA, NDATA .

COMECN /TWOCCM/ A, DELX,AES,AHO0,ELG(51) ,EX4AX,XFINAL

1 ,JRAY .

CcMMCH /THRCCM/ VX (30) ,YMIN,Y4AX,XLIV,IDIV .

1 ,H(51,30),G(51,30),HN(100) ,RN (100),S5(51,30) .

2 ,JPLT,XKEF,XGRAL, KPLCT,JPLCT,IPLACE, JCASE, NELO .

3 ,NREF,NRAY,NPRO,NPLCT, NGRAD, SCALE .

COMMCN /FCRCCM/ DNDZ (100) ,E¥(100),D4DZ (100) ,KNIR .

1 ,K¥GFAD, NMIR, NIGRAL,HF (100), CATCTL .

REAL ¥, 2 .

INTEGER II,LLL .

DIMENSICN X (150),Y (150) ,E(100) .

c INITIALIZE TEE ARRAYS X AND ¥ .

DO £ I=1,100 : .

X(I)=0.0 .

Y (I)=0.0 .

5 CONTINUE .

PRINT HEALING IF THERE IS A PRINTCUT .

C FOP MODIFIEL INDEY OF REFRACTIVITY .

IF (JPLOT-E) 10,6,8 .

leo 6 CONTINUE .

5 IF (KMIR) 18,18,7 .

7 PRINT 130 .

30 1C 18 .

° 8 CONTINUE .

: IF (RKMGRAL) 18,18,9 .

3 PRINT 125 .

50 1C 18 .

.. C .
9

91

-
:.

o nindhath it inmtanttdintmed: Boad

Y

A

v

S LW Y !




-

T

10

11

12

14

16

18

20

39

33

35
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PREINT HEALING IF THERE IS A PRINTCUT

FOR REFRACTIVITY
CCNTINUT

IF (JPLOT-1) 11,11,14
CGNTINUZ

IF (KREF) 18,18,12
PRINT 110

GO 1IC 18

CCNTINUE

IF (KGRAD) 1§,18,16
PRINT 120

SET UP INITIAL CCNDITIONS TO CALCULATE R
AND REFRACTIVITY GRADIENT VERSUS ALTITUD

CONTINUE

IF (NPRO-1) 20,20,30
I2=%
DELE=(YMAX-YMIN)/SO.
A=YMAX+DELH

GO 1TC 49

ID=NLATA

L=0

4=0

IF (HN{1)-YMAX) 33,5¢,58
CONTINUE

IF (HN(1)-Y4IN) 20,35,35
DELHE=(YMAX~HBN(1})/25.
A=YMAX+DELH

ID=2¢

M=IL[-1

SET UP A ICOF TC PEINT ANLC PLOT THE
ZXPCNENTIAL ERCFILES.

E

E

TRACT

VITY

®,. . .....® ]

n_M

A*A.

.

®

®
G
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40

41

430

42

43
44

46

u7

48
49

Lo2
419

CCNTINIZ

50 41 I=1,I2

A=A-IELA

X (I)=C1*CEXP (-C2*A)

¥ (I)=2

A=YMAX+DELE

DO &% I=1,ID

A=A-TZLH

IF (J2LCT-1) 42,42,400
CONTINUE

TF (JPLCT-5) 46,402,410

PRINT THE REFRACTIVITIY PFCFILE
X1=X (1)

71=Y (I)

IF (KREF) U44,44,43

2RINT 140,I,¥1,31

CONTINUE

IF (NREF) ©£4,54,50

[e3)
N

1)
-
e
tu

PRINT THE REFEACTIVITY GEADIENT PE
CONTINUE

IF (I-ID) 47,54,54

X 1=3281.0% (X (I) -X(I+1)) /(Y (I)=Y (I+1))
Y1=(Y(I)+Y(I+1))/2.0

IF (XGRAL) 45,4¢,48

PRINT 140,I,%1,%1

CCNTINUE

IF (¥GRAT) 54,54,50

530 5C 54
50 1IC 54

. ;‘zA'-iAl.J‘JJ
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PLCT THE FEFEACTIVITY A¥D REFRACT
2X0FILIS.

L1=X1/421IV

Y 1= (Y(I)-YHUIN)/IDIV

IF (I-1) ©€1,81,%2

CALI DPLOT (3NGL(X1),SNGL(Y1),3)
LI

CALL PLCT (SNGL(X1),SNGL(Y1),2)
IF (JPLOT-S) 418,54,53
CCHNTIVIE

I {(JPLOTI-1) S4,54,53

Y2= (Y(I+1)-Y¥IN)/IDIV

CALL PLOT (SNGL (X1),SNGL(¥2),2)
CONTINUE

CCNTINUE

IF (NPRO-1) €0, 89,56

SET UP A ICCz TC PRINT AND PLOT 7
AR PRCFIIES.

P
D0 7% I=1,NCATA
7 (BN(I)-YaaXx) 60,60,74
CONTINUE
TF (HN(I)-YJIN) 74,61,61
L=L+1
LP=1E+1
1=M+1
£ (L) =RN (1)
7 (L) =HY (I)
X (L+1)=EN(I+1)
7 (L41) =HN(I+1)
Z = HF(I) , 1600.0
E(L) = X (L) + (157.0 * 2)

4

94
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NOTE THAT E(I) = RM(I) IF DATCTL = O, ..
AND E(L) EAS NC RELATION 7O RM(I) IF DATCTL = 1. ..
IF (JPLOT-1) 62,62,65 ..
PRINT THE REFRACTIVITY PFCFILE ..
X1=X (1) ..
Y1=Y (L) ..
IF (KREF) 64,64,63 ' ..
PRINT 140,1,Y1,X1 ..
CONTINUE ..
IF (NREF) 74,74,70 ..
PEINT THE REFRACTIVITY GRADIENT PRCFILE ..
CCNTINUE ..
IF (JPLOT-2) 100,100,200 ..
CCNTINUZ ..
IF (LATCTI) €6,€6,101 ..
X1 = DNDZ (I) .
, T1 = Y(L) ..
o IF (KGRAD) 6%,69,68 ..
[ 66 CONTINUE ..
t.] IF (I-NDATA) 67,74,74 ..
67 X1=3281.0% (X (M) =X (M+ 1))/ (Y (M)-Y (M+ 1)) ..
Y1 = Y(L) ..
IF (KGRAL) 66,65,68 .
. 68 PRINT 140,M,Y1,X1 ..
a 69 CCNTINUE .-
: IF (NGRAL) 74,74,70 ..
o PRINT THE MCLIFIED INDEX CF REFRACTIVITY PROFILE ..
200 CONTINUE ..
IF (JPLOT-5)2¢1,201,300 ..
201 CONTINUE ..
° IF (CATCTL) 2Cu,204,202 ..
9§
q
L.
T e _ oo
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204

206

[ 8}
(@]
oo}

N)
-

(@]

a0 O

300

302

308

3C9

310
312

X1 = EM (1)

{1 = Y(L)

IF (K4AIR) 21C,210,208
CCHTINUE

IF (I-NDATA) 20€,74,74
X1 = E(L)

Y1 = Y(L)

IF (KMIR) 210,210,208
PRINT 140,L,11,X1

0 CCNTINUE

IF (NMIR) 74,74,70

?RINT THE MOLIFIED INDEX CF REFRACTIIVITY GRADIZENT
PROFILES.

CONTINUE

IF (CATCTI) 304,304,302

X1 = DADZ (I)

Y1 = ¥Y(L)

IF (KGRAD) 212,312,310

CONTINUE

IF (I-NDATA) 306,74,74

L =1 + 1

IF (1L .1E. NDATA) GO TO 308
CONTINJE

DMDZ(I) = (E(L) / HF (X)) #* 1000.0
GO 1C 3069

W = EN(LI) + (157.0 * (HF(LL) / 1000.0))

DHDZ(I) = (E(L) - W) / (EE(I) - HF(LL)) * 1000.0
X1 = DMDZ (I)

1 = Y(L)

IF (KGRAD) 312,312,310

PRINT 140,L,11,X1

CCNTINUE

IF (NMGRAL) 74,74,70

9¢€

- . n PR . et e m s ..
T N R N Y TP T Y N TR Y . Y comammlPaPalat s

-
-
<




C ..
C PLCT THE FEFEACTIIVITY, REFRACTIVITY GEADIENT, ..
C MODIFIED INDEX CF RSFRACTIVITY, AND MODIFIED INDZX OF
C REFRACTIVITY GRADIENT PRCFILES. ..
70 £1=X1/¥DIV ..
Y1= (¥ (1) -Y4IN) /YDIV ..
IF (Lp-1) 71,71,72 ..
71 CALL PLOT (SNGL{X1) ,SNGI (¥1),3) ..
72 CALL PLOT (SNGL (X1),SNGL(¥1),2) ..
IF (JPLOT=-1) 74,74,73 ..
73 Y2= (Y(M+¢1)-Y¥IN)/YDIV ..
CALI PLOT (SNGL (X1),SNGL (¥2),2) ..
74 CONTINUE . .

75 CCNTINJE .. J

|

c POSITION THE PEN IF THERE HAS BEEN A PLOT .. ;

80 CCNTINUEZ .. 3

IF (JPLCT-S) 88,82,84 .. ;

82 CONTINUE .- ]

IF (¥MIR) $6,56,94 .. ;

84 CONTINUE .. 3

IF (NMGRAL) 96,S6,94 .. é

83 CCNTINUE .. R
IF (JPLOT-1) 90,9),92 ..

50 CCNTINUE .. :

IF (NBEF) $6,56,S4 .. J

92 CCNTINUE .. R

IF (NGRAD) G€,96,34 .. ]

94 CALI PLCT (9.,0.,-999) .. '

CALL PLOT (Z.%,2.0,-3) .. °
CALL FACTCE (SNGL(SCALE)) ..
96 CONTINIZ ..
106 RETURYN ..

O
. 9
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110 FORMAT (/,/23X,'REFRACTIVITY PRCFIL1E'/10X,'1"', 38X, ..
1*ALTITUDE',8X,*2EFRACTIVITY ' /21X, (FI) ' ,11X, .o
2* ({N-UNITS)'") .o
120 TORMAT (//,/1E8X,'REFRACTIVITY GRADIENT PROFILE'/10X, ..
1*1I',8X,'AITITUDE',7X,"REFF GRADIENT'/21X, ' (FT)"*',9X, ..
2 (N-ONITS/KM) ") -

\ Bal e

Lo g
C 3

130 FORMAT (/,s9X,*MODIFIED INDEX OF REFRACTIVITY ', ..
1PROFILE'/10X,'I',8X, *ALTITUDE', 5X,"'MOD INDEX OF REFR',
2/21X,' (FT)', 11X, " (U-ONITS) ") ..

135 FORMAT (/,/10X,'MODIFIED INDEX CF REFEACTIVITY ', ..
1YGRADIENT ERCFILIE',/10X,'I',8X, YALTITUDE',7X, ..
2'M0C INDEX OF REFR GRADIENT', ..
3/21%," (FT)*,9%,* (1-UNITS/KN) ') ..

140 FORMAT (8%,I3,2(6X,F10.2)) ..

END ..

C % ok A ek ok o ok o dkeook ke ke gk ok ok ok ol e e okl ke ok e ek kook kokokdk ok ok ki kok ok ok kkkk ki kkkk %k

C % ek ok 3k e dkok ko g ook ok b ok ookl e o e e o ok ok ok ko kool o ok o ok o ik o e ook 3k e o ki ok e ke e

SUBROUTINE PXINTG ..
C .
C--=-- THIS ROUTINE SETS UP THE INTEGRATICN OF THE EAY ..
C-----TRAJECTORY AND TIME OF EROAGATION EQUATIQONS FCR EACH
o EAY. WHEN A RAY CROSSES A BOUNLCARY BEIWESN THE .o
C----- THE PISCE-WISE LINEAR SEGMENTS OF THE REFRACTIVITY .. 'E
Commm—= PROFILE CK TEE BOUNDARY AT THEZ EARTH'S SURFACE, THE .. :
Co~==- KAY EQUATICNS ARE INTEGRATED TC THE BOUNDARY BY MEANS e
C----- OF A VARIABLF STEP SIZE INTERPOLATION ALGORITHX. THE 7
; o RAY EQUATICNS AEE THEN KE-INITIALIZED AT THE BOUNDARY '
N C----- AND INTEGRATED TO THE NEXT BOUNDARY, WHERE THE . 4!
C--=-- INTEFRPOLATICN IS REPEATEL. .o "
o .. !
{ IMPLICIT FEAL*3 (A-H,0-2) ..
o
| :‘
g8 I
N
| ®
5 ‘
b [l
i, . " P i s d
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CCHMMCN /CNECCM/ CEH,CEX,CFG,DTR,PHASE,THETA,C,C1,C2 ..

,R2C(51,30),PEI (51, 3C),Pi, CMAF,CNAUT,
,FRC,TEW,ARSRH, NHV, NSL, NEMS,JAREA, NDATA

CCMMCN /TWCCCM/ RA,DELX,AHS,AHO,ELC(S51) ,EX4AX,XFINAL..

,JEAY

CCMMCN /THRCCM/ VX (3J),YMIN,YMAX,XDIV,YDIV

,H(51,3C),6(51,30),BN(100) ,EN(100),S (51,30) ..
,JPLT,KEEF,KGRAD, KPICT, JPLCT,IPLACE, JCASE,NELO ..

+NREF,NFAY,NPRO,NPLCT,NGRAD,SCALE

COMMCN /FCRCCM/ DNDZ (100),RM(100),DMDZ(109) ,KMIR ..

¢ KMGRALZ, NMIR, NMGRAL,HF(100) ,CATCTL
DIMENSICN YINT (10),DELXX(S),PINT(10)

DATA DELXX,NE¢,10000.00,1000.00,100.D0,10.D0,0.D0,2/..

SET UP INITIAL CONDITIONS
po S5 I=1,10

PINT(I)=0.0

YINT(I)=0.0

L=1

ANGLE=0.0

RHMAG=1.0

STPX=DZLX

VX (1) =CRX

4 (JRAY, L) =CRE

S (JFAY,L) =[ATAN (CRG*RA/ (KA+CRH) )
G (JRAY, L) =EINT (1)

PHO (JRAY,1)=FHMAG

PHI (JRAY,1) =ANGLE
{fINT (1) =CFH

YINT (2) =CRG

VALG=YINT (2)
VGTEMP=PINT (1)
VATEMP=YINT (1)

VXTEMP=C5X

99
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L=CRX
ICCLE=3
I1=0
IT=1

CHECK IF A RKAY TRACE IS TC BE MADE
IF (NRAY) 14,14,7

TEST FOR MAXIMUM AND MININMUX ALTITUOES

7 IF (CRd-YMAY) 8,8,12
8 IF (CEH-YMIN) 13,10, 10

C
C
C

10
C

12
C

13

14
15

ALTITUDZ ECUNDS NOT EXCEELED. ECSITIGCN PEN AT
ZMITTER CCCRLINATES.

Y= (CRH-YMIN) /YDIV

CALL PLOT (SNGL (X),SNGL(Y),ICODE)

ICGLE=2

GC IC 14

MAXIMUM ALTITIDE EXCEEDEL. POSITICN PEN AT UPPER
LEFT HANC GRAEH CORNER.

Y= (YMAX~-YMIN) /YDIV

CALI PLOT (SNGL(X),SNGI(1),ICODE)

30 1IC 14

JININUM ALTITIDE EXCEEDED. POSITICN PEN AT LOWER
LEFT HAND CCENEG.

¥=9.0

CALI PLOT (SNGL (X),SNGL(Y),ICODE)

FINC WHICH LAYER THE ZMITIER IS IN

IF (JRAY-1) 15,15,22
CONTINUE

100
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DO 20 I=1,NCATA

IF (CRE-EN(I)) 20,20,16
JAREA=I

JXNTR=1

GC 1IC 25

CCNTINUE

Go TC 25

JAREA=JXMNTE

CCNTIJUE

SET UP A ICCF FCR INTEGRATION OF THE
AND "PINT"M.

DO 2C0 I=2,IELACE

II=I1+1

CALL RKOUTINE TIC INTZGRATE "YINT"™ ANLC
CALlI RK (NEQ,CKX,STPZX, YINI,PINT)

CHECK WHICH IAYER THE RAY IS IN
KAREA=JAFEA

DO 120 J=1,NLATA

IF (YINT (1)-HN(J)) 120,120,110
KAREA=J

50 1C 125

CONTINJE

SET UP LAYER IF RAY HAS INTERSECTED
IF (YINT(1)-AHS) 122,122,125
KAREA=NDATAH#

CCNTINTE

o

CHECK WHICH IAYER BOUNDAFRY, I
FIRST.

ANY,

101

ARRAYS "YINT"

"pINT®

EARTH'S SURFACE.

HAS BZZN CROSSED
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IT (JARZA-KAFEA) 140,145,130 ..

c ..

C AN UEPZR ECUNLCAFY HAS BEEN CROSSED ..

130 BNDEY=HN (JAREA-1) ..

KAREA=JAREA-1 ..

G0 1€ 160 ..

C ..

A LCWER BCUNLAKY YAS BEEN CROSSED ..

140 BNDERY=HN (JAEEA) ..

KAREA=JAREA+1 ..

GC TC 160 ..
.. |

NC ECUNDARY BAS BEEN CROSSED. STCRE ARRAY VALUES ..
ZVERY TENTH INTEGRATION STEP. .. 4
145 IF (II-10) 148, 146,146 .. .;'

146 II=0 ..

L=L+1 ..
VI (L1)=CEX .. J
H (JEAY,L)=YINT (1) .. R

S (JRAY, L) =DATAN (YINT (2) *F2/ (RA+YINT(1))) ..

G (JRAY, L) =PINT (1) ..
e REEO (JRAY, 1) =RHMAG .. 4

PHI (JRAY,I1)=ANGIE ..
i 148 VALG=YINT (2) .. !
L VXTEMP=CEX .. -
L! THTEMP=YINT (1) .. é
VGTEMP=PINT (1) .. (
5TPX=DELX .. 1
‘ CHZICK IF A RAY TRACE IS 1C BE MADE .. o
{ IF (NRAY) 200,200,152 .. ]
h 9
{ .. ]
g A RAY TRACE IS TO BE MADE. CHECK FOR MAXIAUYM AND .. 1
{, C YINIMUM ALTITULE. .. S
102 :
b )
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156
158

169

IF (YINT(1)-I%aX) 153,153,156
IF (YINT (1)-Y4IN) 15€,15€,154

MAXIMUM AILTITUDZ NOT EXCEEDED. CAILL EROUTIN

(YINT (1)-YMIN)/YDIV
LI PLCT (SNGL(X),SNGL(Y),ICODE)
0

MAXINMUA CF YININUYM ALTITULE EXC
ICOLE=3
I7 (JAREA-KAKEA) 170,200,170

ta
tn
[ &)
rry
@]
.

-3
[
2ol
4

THZ IAYEF BCUNCARY HAS BEEN FOUND.  SET UP
INTERPOLATICN SCHEME.

DXICTI=0.

HTEME=YINT (1)

CRX=VXTEMNE

Y INT (1) =VETEMP

YINT (2) =VALG

PINT (1) =VGTZMNP

- [aad
=
= 70

PLOT

SET U VARIAELE INTEGRATICN STEP SIZE AN¥D INTERPOLA

70 THE BCUNLARY.

DG 1€5 IJK=1,5

XL==-YINT (2) /YINT (3)
XYCHK=XX*XX-2.% (YINT (1) —ENDEY) /YINT(3)

IF (X{CHK.L1.0.) XYCHK=0.

¥ Y=CSCRT (XYCEK)

CHGX=XX +YY

F (XX.37.YY) CHGY=XX-YY

(IJK.GT.4) CHGX= (BNDRY-YINT(1))/YINT(2)

—
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D=STPX-CXTCT

F ((CHGX.LZ.0.).0%. (CHGX.GE.SD )) CH3X=

1 (STEX-DXTCT) * (3NDRY-YINT (1)) / (HTZAP-YINT (1))
CHGX=CHGX-DEIXX (IJK)

IF (CHGX.IE.C.) GO TC 165

CALL EOUTINZ TC INTEGRATE TO THE 3CUNDARY
CALL 3K (NEC,CEX,CHGX,YINI,?2INT)
DXTCT=DXTCT+CHGX

165 CCNTINUE

CHECK IF A RAY TRACE IS 7TIC BEZ MADE
IF (NmrAY-1) 170,152,152

c
c CHECK IF KAY EAS INTERSZCTIED SARTE'S SUEFACE
170 IF (KAREA-(NLATA+1)) 190,180,180
C
C RAY HAS CRCSSED ZERO ALTITUDE BCUNDAKY. FIND INCIDE

GRAZING ANGLE.
180 THETA=DABS(CATAN(YINT(2)))

CALI ROUTINE TC CALCULATE CCHAPLEX SCATTERINS
COEFFICIENT.
CALL SCATI

C

C SET Up CCMELEX SCATTERING COEFFICIENT
RHMAG=RHMAG*ABSRH
ANGLE=ANGLE+FHASE

C ADC MULTIEATE RAY

DO 185 L1=2,10
185 YINT(LL) ==YINT (LL)
KAKEA=NDATA

104
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130

219
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SZT U2 TC INTEGRATZ FROM THZ BOUNZAFY IO THE NEXT
MOELX".

JAREA=KAFEA

VATEMP=CF

JHTEFP=YINT (1)

VALG=YINT (2)

VGTEME=PINT (1)

3TPX=STPX-DXTCT

CALL ROUTINZ TC INTEGERATE FROY THE BOUJNDAERY TO THE
NEXT "DzLX".

CALL FX (NE.,C&X,STPX, YINI,PINT)

CHECK FCF MOFZ EGUNDARY CFOSSINGS
30 1C 190

CCNTINUE

ICOrE=3

IF (NRAY) 23C,2320,21y

CALL PLCT (SNGL(X),SNGL(Y),ICODE)

CHECK IF THIS IS A PLOT CF THE 1AST RAY. IF S0,
POSITION THE PEN FOR THE MEXT PIOT.

IF (JRAY-NELC) 230,220,220

CALl PLOT (0.,0.,-999)

CALL PLOT (2.0,2.7,-3)

CALL FACTCF (SNGL(SCALE))

CONTINUE

RZTURN
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SUERCUTINE RE (3,XN,H,1,7) .. ’
C ..
P THIS ROUTINT INTEGRATES TEE RAY TEAJTCTORY AYD TIAE OF
Co-mmv PROEMGATICN CIFFERENTIIAL EQUATIONS 2Y 1ZANS OF A .. 3
Commmm FOURTH CELER RUNGE-XUTTA ALGCRITHY USIus AN .. >
C-----INTEGRATICN STEP SIZE CF H = XDELTA/1J, WAZRT XDELTA .
Cmmmmm IS TEEZ DISTANCE INTEZRVAL ALONG TEZ EAaTH'S5 SURFACT ..
IR FOGR ERTNTING AND PLOTTING THE HEIGHT GAIN CUKVES, OF :
[ 4 = CHGX WEEFE CHGX IS A VARIABLE STEP SIZZ 3BT 5Y TiZ .
S INTEFPOLATICN ALGORITHM IN SUSRCUTINE RKINTIG. ..
c .. f
IMPIICIT EEAI*8 (A-H,C-2) .. 4
DIMENSICN ¥(10),P(10),¥DCT(10), EDCT(10),2(1),4) .. ’
1,R(10,4), Y4 (10) ,2N (10) .. .
c SZT U2 INITIAL CONDITIONS .. ;
DO S I=1,% .. :
YN (I)=Y (I) .. ;
5 PN(I)=P (I) .. E
. !
c SET U7 A LCCE 7TC INTEGRATE THT DIFFERENTIAL EQUATIONS :
nC 6C L=1,4 .. ,
- c .
o C CALL FOJTINZ 7C SET UP TEE DIFFERENTIAL ZJUATIONS .. N
! CALL ATHCS (Y,P,YDGT,PDCT) ..
{ e o
g INTEGEATE THE DIFFESENTIAL EQUATIONS .. :
r. 30 1C (12,2),20,3)),L .. N
~ 19 DO 18 £=1,¥ .. |
S (K,I)=H5*YDCT (F) ..
15 Y(R)Y=Yd(¥)+_.(n, ) /2. .
[« ’
[
_ 10 €
g
K 0
L — N R i
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- R (1,1)=H*EDCT (1) ..
! 2(1)=PN (1) +r(1,1)/2. .. ]
X=XN+H/2. .. i
GO 1IC 50 .. ]
20 DO 25 K=1,N .. *
2 (K,L)=3%*YDCI (K) ..
25 Y (K) =YN (X) +3 (XK. 1) /2. .. %
R (1,1)=H*EDCT (1) ..
2 (1)=PN (1)+R(1,1)/2. ..
A=XN+E/2. ..
GO 1TC 59 .. ’
30 DO 25 K=1,N .. ‘
0 (K,1)=H*YDCT (K) ..
35 Y (K) =YN (K)+C (K,L) .. ]
R(1,1)=H*EDOT (1) .. |
P (1)=PN(1)+R (1,1) .. |
X=XN+H .. ]
GG TC 59 .. :
40 DO 45 K=1,N .. _ ’
2 (K,1)=H*YDCT (K) .. “
45 ¥ (K) =YN(K) +(C(K,1) +2.0%Q (K, 2) +2.0%C (K,3) +0 (K, 4)) /6.0 .
R (1,1)=H*EDCT (1) ..
P(1)=PN (1) +(E(1,1) +2.0%R (1,2) +2.0%R (1,3)+R (1,4)) /6.0 . *
| XN=XN+H ..
E 50 CCNTINUE ..
f. 60 CCNTINUE .. {
[~ .o
_ CALI KOUTINE TC FIND THE VALUES OF THE DIFFERENTIAL .. ]
- SCUATIONS AT THE ZND OF TKE INTEGRATION STEP. ..
?. CALI ATACS (%,P,YDOT,PDCT) .. i
E[ C -
; c STCEEZ THE NZW DERIVATIVE CF THE RAY SLOPE ..
. Y (3) =YDGT (2) .. ]
E. KETUERN .o . ’
. 107 3
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SUBRCUTINE ATMCS (Y,P,YDCT,PDOT)

IMPILICIT REAI*E(A-H,0-2)

CCHMMCN /CNECCM/ CRY,CRX,CEG,DTR, HASE,THZTA,C,C1,C2
,RHO (51,30),PHI (51,30),PI,CMF,CNAUT, DENOI

2 .FRC,TPW,ABSRH, NHV, NSL, NEMS,JAREA,NDATA

CCMMCN /TWOCCM/ RA,DELX,AES,AHO,ELC(51) ,EXHMAX,XFINAL
1 ,JRAY

CCMMCN /THRCCM/ VX (30),Y¥IN,YHAX,XDIV,YDIV

1 ,H(51,30),G(51,30),HN(100) ,RN (100),S(51,30)
2 ,JPLT,KREF ,KGRAT, KPICT,JPLCT,IPLACE, JCASE, NELO
3 NREF,NEAY,NPRO,NPLCT,NGRAT,SCALE

COMMCN /FCRCCM/ DNDZ (100) ,RM(100) ,DMDZ(100) ,KMIK,

1 ,KMGRAL, NMIR, NMGRAT,HF (100) , CATCTL
DIMENSION Y (10),P2(10),YDOT(10), PDOT (10)

SET UP INITIAL CONDITIONS
CH=Y (1)
CG=Y (2)

TEST FOR THE APEROPRIATE ATMOSPHERIC MODEL
IF (NPRO-1) 10,10,20

FEKEE SPACE AND EXPONENTIAL MODELS
REFRF=C1*LEXP (-C2*CH)

DLNLCH=-CZ*REFR*1.0E-06/ (REFR*1. 0E-06 + 1.)

108
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THIS ROUTINEZ CCMPUTES ATMCSPHER IC REFRACTIVITY AT
TEHE RAY AITITUDE AND SETS UP THE RAY DIFFZRENTIAL
-ZQUATIONE.
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GO TC 100 ..
':' C ..
(¢ < THE ATMOSZHERE IS STEATIFIED.  SELECT THEZ APPEOPRIATE
C MODEL. ..
20 IF (JARZa-1) 50,350,560 ..
C ..
C ALTITUDZ IS ABCVE THE HIGHEST REFRACTIVITY PROFILE ..
C DATA POINT. USE AN EXPONENTIAL MODEL WHICH FITS TEZ .
DATA. ' ..
50 RZFE=C1*[ EXP (~CZ*CH) ..
DLNCH=~C2*REFR*1.0E-06/ (FEFR*1. 0E-06 + 1.0) ..
GO TC 100 ..
ALTITUDE IS EELCW THE HICGEEST REFRACTIVITY PROFILE ..
DATA POINT. USE A PIECE-WISE LINEAR MODEL. ..
60 SLCEE=(EN(JAREA-1) -RN(JAREA))/ (HN (JAREA-1)-HN (JARZA))
B=RN (JAEEA) ~SLOEE*HN (JAREA) ..
COMFUTE REFRACTIVITY FOR THE PIECE-WISE LINEAR MODEL
30 REFR=SLOEE*CE + B ..
DLNLE= (SLCEE*1.0E-06)/ (REFR*1.0E-06 + 1.0) ..
C COMEUTE TEE CERIVATIVES FCR RAY TRACES ..
100 RAD=EA+CH ..
YDOT (2) =CLNDH* ( (EAD/RA) *%Z + CG*%2) + (2.0/RAD) *CG**2
1 + RAD/RA*%2 ..
[ o
: Y COT (1) =CG ..
- COMEUTE TEE DEEIVATIVE FCR TIME OF PROPAGATION ..
». PDOT (1) =RAL* (REFR*1.0E-06+1.0) ..
{ 1%*DSCRT(1.0+ (FAXCG/RAL) **2)/ (C*RA) ..
: RETURN ..
£3D ..
o C ..
2
: 109
t‘,
| o




MM AMe 2ve " M Bne Sue oy AR Bi I e Mg "M A S Y N AR Sal. Wl Tl Sl il Sl R el A EC AL S S C ol T ETNTRTNTEY

Chdiddkk ek dkkdpgprhk ko hhkhihk hkukkdkgkohdk kxkkkx kk ik &k

Chhekh kb bk ik kb hx pdok kR ko khhk ek ke khkhkhhkkhk kg k¥

e

y“v'rv-

@]

10

12

14

16
18

SU3RKCUTINE SCATCT

-THIS ROUTINZ CAICJLATES TEFEE CCMPLEX SPECULAR
-SCATTERING CCEFFICIENT FCF WAVEFRCNT RZIFLEZCTION FEROK

-SM4CCTHd OF KROUGH LAND AND SEA SURFACES.

IMPLICIT FEAL*E (A-H,0-2)

CCMMCN /CNECCM/ CRH,CRX,CEG,DTR,FHASZ,THETA,C,C1,C2
1 ,RHC (51,30),PHI (51, 30),PI, CAF,CNAUT, DENCT

2 ,FEC,TE%,ARSRH, NHV, NSL,NEMS,JAREA, NDATA
DIMENSICN EES(3,2),SIGHA (2,2),DELHSL (9, 2)

REAL NI, NE

DATA EPS,I1C,€0.00,69.D0,€5.D0,4.D0,10.D0,30.D0,0/
DATA SIGMA/4.300,6.5C0,1.6D1,1.D-4,1.6D~-3,1.0D0-2/
DATA DELKSI,0.DC,2.0D-1,6.0D-1,1.1D0,1.7D0,2.6D0
1, 4.300,8.600,1.2901,0.00,59.D00,30.20,56.D0,112.D0
2,214.D0,425.L0,1288.D0

3,2.146D3/

SET 0P INITIAL CONDITIONS

IF (I¢) 10,10,50

ICc=1

JJ=NEMS+1

IF (NSL-1) 12,12,30

KK=1

IF (FRQ-15000C00060.) 14,1€,16
II=1

GO 1C 49

IF (FrRQ-50€0C€00000.) 18,20,20
II=z2

GO 1TC 40

.

’A.A\_

L

Ry, X

-AA._A"J} .




L 20 T1=3
- 30 1C 49
(o 30 KK=2

CALCULATE TEE CCMPLEX DIELECTEIC CONSTANT
40 ZE=EES(II,KK)
21I=60.0%SIGMA(IT,KK) *C/ (CMF%*FRD)

A=DSECQET (ER**2+EI*%%2)
ALPHA=DATANZ (EI,ER)
DELTAd=DEIHSI (JJ,KK)

CHECK WHICH EOLARIZATION IS BEING USED
50 IF (NHV-1) €0,60,70

C HCRIZONTAL EFCLAFIZATION
60 MR=LCSIN (TEETA)-DSQRT (A) *CCOS (ALPHA/2.)
NI=CSQJRT (A) *ISIN(ALPHA/2.)
DR=CSIN (THETA) +DSQRT (A) *CCOS (ALEFHA/2.)
DI=CSQRT (A) *LSIN(ALPHA/2.)
GR= (NR*DR-NI*DI)/(DR**2+[I%%2)
GI= (NR*DI+NI*DR)/(DR**2+L1%%2)
Q) :
S0 1IC 39

VERTICAL EOLARIZATION

b’ 70 NR=LCSCRT (3) *LCCS(ALPHA/2.)*DSIN (THETA)-1.0

- NI=CSQRT (A) *LSIN(ALPHA/2.)*DSIN (THETA)

DR=CSQRT (A) *DCOS(ALPHA/2.)*DSIN (THETA) +1.2
=DSURT (A) *LSIN (ALPBA/2.)*DSIN (THETA)

GR= (NE*DR+NI*DI)/(DR**2 ¢ Li%%2)

st o

GI= (NR*DI-NI*DE)/(DR**2+LI%*%2)
CALCULATE THE CCMPLEX FRESNEL REFLECTION COSFFICIZNT
° 30 ABSEE=DSCET (GR*#2+GI *%2)
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PHASE=CATANZ (-GI,3R) ..

C CALCULATE TEE TCTAL SPECULAE REFLECTION COZFFICIENT ..
ABSEH=ABSFH*LEXE (-0.5% (4.0%PI*DELTAH*DSIN (THETA) ..

1 %FRC/C) *%2) ..
KRETUEN ..

END ..

C ..

O % ok ook kg s ofe ok e ok S o ok ol ok ok 3k skogeok ok ke e o oo ok ek ok dkodk ok ook ok ook ok ko R kok ok kok kkk k%

2L RS EEEERREEREEERLE R SR I R RS R R LR s R R R R RS L R

SUBKCUTINE HGAIN ..
C ..
T THIS ROUTINE CCMPUTES FIELD STRENGTH AND POWER DENSITY
C-mmm- HEIGHT-GAIN FUNCTIONS (ONE-WKAY FIELD STRENGTH AND ..
Cmmmm= PCWER DENSITY NCRAALIZED T0 FREE SPACE VALUES) AT ..
C-----"XDELTA" LCISTANCE INTERVALS ALCNG THE SURFACE OF THE
Cmmm- ZARTH. EEIGHT-GAINS ARE CETAINED FROM CALCULATICNS AT
C-m——-- 200 "WINLCWS", CR ALTITULE INCREMENTS, EXTENDING ..
C-----VERTICALIY BETWEEN THE HIGHEST AND LOWEST RAYS WITHIN
Cmm=-- THE SPZCIFIEL EIOT LIMITS. ..
C ..
IMPLICIT FEAI*8 (A-H,0-Z) -
CCcAMCN /CNECCM/ CRH,CRX,CRG,DTR,PHASE,THETA,C,C1,C2 ..
1 ,RHC (51,30),PHI (51, 32C),PI,CMF,CNAUT, DENOT ..
2 ,FRC,IPW,AESRH, NHV, NSL, NRMS,JAREA, NDATA ..
COMMCN /TWOCCM/ RA,DELX,AES,AHO,ELC{51) ,EXMAX,XFINAL .
1 ,JRAY ..
CCMMCN /THRCCM/ VX (30) ,YMIN,YMAX,XDIV,YDIV ..
1 ,H(51,3C),G(51,30) ,EN(100) ,RN(100),S (51,30) ..
2 ,JPLT,KREF ,KGRAL, KPICT,JPLCT, IPLACE, JCASE, NELO .
3 NREF,NEAY,NPRO,NPLCT,NGEAD,SCALE .
CCMMCN /FCRCCM/ DNDZ (100),E4(100),DMDZ (109) ,KMIR ..
1 ,KMGRAL, NMIR, NMGRAD,HF (100) , DATCTL ..
112
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JIMENSIGN L (S1),TDIFF(30),ESIG(30),PSC(30) ..

T TR TR Y W

T L TL N Y

R
1,7SIG(30) ,E51GT (30),PSCT (30),TSIGT (30)

DATA ZDIV,40.0D0/

SET UP INITIAL CONDITIONS
D0 & I=1,30
TDIFF(I)=0.0
ESIG(I)=0.0
PSC(1)=0.0
TSIG(I)=0.0
2SIGI(I)=0.9
PSCT(I)=0.0
TSIGT(I)=0.0
CCNTINUE

DO 6 I=1,51
L (I)=0.0
CCNTINUE
R1=EA+AHC
XN=LELX/XDIV
TN=YMAX/YCIV
Y S=AHES/YDIV
NP=200

SET UP A 1CCE TO
DO 1000 K=2,IPLACE

JLO=YMAX
U=VX (K) /RA

FINL HIGEEST AND LOWEST EAYS

DO 100 I=1,NELC
HLO=CMIN1 (EL1C,H (I,K))
CCNTINUE
HHI=DMIN1(H(1,K),THAX)

CALCYULATE RELATIVE FIELD STRENGTH Ok
2OWER DENSITY AT ZACH INCREMENT OF DISTANCE. .o

W TN T W T e T e
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150

HOIFF=HHI-HLC
HTB=DABS (F (1,%) ~E (2, X))

SXIT IF ALL RAYS ZQUAL Ok EXCZED THE 4aXIMU¥ ALTITUDE

IF (HELO-YMAX) 150,1100,11C0

SET U2 WINDCW SIZE AND WIMCH POSITICNS TO EXCLUDE T3
T

dIGHEST AND IOWEST RAYS.
WINLCCW=HDIFF/150.
ANOW=HHI-WINIO%W/10.
HFINAL=HIC+4%INDCW/10.
RWP=HNOW-EFINAL

FINC THE ALTITUDE INCREMENT FOR EACH NEW WINDGW
PGSITION.

DH=RWP/FLCAT (NP)

HNOW=HNOW+DH

SET UP A IOCF TC POSITION THE WINDGCW EVERY "DHY
iIN AITITULE.

DO 9C0 J=1,NE

HNOW=HNOW-DH

CALCULATE THE UPPER ANGLE LIMIT SUBTENDED 3Y THE
WINCCW IN FREE SPACE.

R2=RA+HNCH

DSQ=R1*%*2 + R2%*2 - 2.0%R1*%R2*DCOS (U)

FEET

E1=CARCOS ((DSC + (R1*DTAN(U))**2 - (R1/DCOS (U) —-R2)**2)

1/ (2.0%R1*#CTAN (U) *DSQRT (DSC) ) )
IF (E1/DCCS (U).GT.R2) E1=-E1

CALCULATE THE LCWER ANGLE LIMIT SUBTENDEID BY THE
WINLOY IN FREE SPACE.
E2=RA+HJICW-WINLCCW

|
i

{
‘
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DSO=E1%%Z + [2%%2 - 2. 0%F1%R2%¥DCOS (U)
1/ (2.0%R1*CTAN (U)*DSCRT (DSC) ) )
IF (&1/DCCS(U).GT.R2) 22=-F2

SDIFF=DSCET([ARS(E1-E2) /L1R)

C CALCULATE TEE ZLEVATICN ANGLZ OF THE ZAITTER AT THE
WINLCH.
R1=RA+HNCH-VINDGW/2.
R2=KA+AHC
DSQ=R1%*%2 + E2%%2 - 2,0%R1%R2%DCOS (U)

1/ (2.0%R1*CTAN(U)*D5QET (DSC)))
IF (R1/0CCS(U) .GT.R2) A0=-30

SET UP THE WINDOW ALTITULE PLUS ITS UPPER AND LOWER
C BCUNIARTES.

dUP=HNOW

HH=HNOW-WINDCK /2.

HDN=HNOW-WINLCCHW

SET UP CONTRCL INTEGERS FCR EACH RAY
DC 220 I=1,NELC
IF (H(I,K)-HUP) 200,200,210
200 IF (H(I,K)-HLON) 215,205,205
205 L (I)=2
30 1C 220
, 210 L(I)=3
t 50 1IC 220
' 215 L (I) =1
220 CCNTINUE

e ——

i ORE

SET U2 INITIAL CONDITIONS
\ £=0.0

11¢

S
T2=CARCCS((OSC + (RT*DTAN(U))**2 - (R1/DCOS(U)-FE2)**2)

AO=CARCOS ((CSC + (RE1*DTAN(U))*%2 - (E1/DCOS(U)-K2)*%%2)

f P
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DO 6C0 I=1,FEL
IF (I-1) 22€,22€,230
226 IF (L(1)-2) 230,600,230
230 JIAST=JSLCEE
JC=IA5S (L (I)~-L (I+1))
IF (L(I)-1(I+1)) 260,600,240

NORMAL RAY ORDEE
240 JSLCPE=1
IF (JLAST-1) 280,280,310

INVERTED EAY OKCER
260 JSLCPE=2
IF (JLAST-1) 280,310,280

EITHER CNE OR TWC WIWDOW LIMIT CHRCSSINSS
280 1IF (JC-1) 30C€,300,380

C ONE WINDCHW LIMIT CROSSINC
300 LC=1CH#

IF (Lc-1) 234C,340,360

RAaY CxDEZIR RKEVERSAL OCCUERS. CHECK IF ONE OE TWO
TINCCW LIMIT CRCSSINGS.

116

9,

. IR




:
o
310 IF (JCc-1) 32C,220,230 ..
C C ONE WINDCW LIMIT CROSSING. CHECK IF RA{ REVERSAL ..
; C OCCCRS INSIDE OR OUTSIDE THE WINDCHW ..
320 IF (LC) 230,230,560 ..
C FIRST WINCCW LIMIT CROSSING ..
340 J1=1 ..
50 TC 60C ..
C ..
C SECCND WINDCW CEROSSING ..
360 J2=1I+1 -
FINLC WHICE RAYS LIE ABOVE AND BELOW THE WINDOW CEZNTER
DO 370 J12=J1,J32 ..
IF (JSLOPE-1) 2€2,362,364 ..
362 IF (HH-H (J12+1,K)) 370,366,366 ..
364 IF (HH-H (J12+1,K)) 366,3€€,370 ..
366 R1=J12 ..
K2=J12+1 ..
30 TC 440 ..
370 CONTINUE ..
C ..
BOTH WINDCW LIMITS CROSSED. CHECK FOR "RADIGC HCLZI" ..
330 IF (CABS (H(I,K)-E(I+1,K))-5.0%HTB) 390,390,560 ..

BOTH WINLCCW LIIMITS CrOSSEL. NO "RADIC HOLE"™ HAS BEEN

FCUND. .-
350 J1=1 .
! J2=1I+1 .o
®
K1=J1 ..
£2=J2 .
C .
.
117
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THE INCEEMEHT OF RAYS AT THE WINDCW HAS SSIN FCUND.
CHECK IF RAY CRDZE IS NOFYAL CR INVZRTZD.
IF (JSLCEE-1) 4€0,46C,480

t‘ 4
O
>
ty
[»a]

NCEMAL 3AY CEDEF. CALCULATEZ THZ UEPEE AND
ANGLES SUETENDEZ BY THE WINDOF.

EU2=FL0 (J1) -CENCT* (3 (J1,K)-HU0P) /(4 (J1,K)-E (J1+1,X))
SDN=FLO (JZ) +CENCT* (HDN-H (J2,%)) / {(H (J2-1,%) -4 (J2,K))
2=DSCRT (ZUP-ZDN)

P3CAT=PHYI (J1,K)

RSCAT=RHC (J1,K)

50 1IC 500

INVERTED FAY CRICER. CALCULATE THE UPPER AND LOWER
ANGLES SUEBTENDET 3Y THE WINDGAH.

EUP=ELO (J2) +DENCT* (H (J2,K)-HUP) /(K (J2,K)-H(J2-1,X))
EDN=ELO (J1) -CENCT* (HDN=-H (J1,K)) / (H (J1+1,K) -H (J1,X))
T=DSCET (ELN-EUP)

PSCAT=PHI (J2,K)

RSCAT=RHC (J2,K)

.

SET UPp INITIAL CONDITIONS TO CALCULATE MZAN ELEVATION

ANGLE ANZ MEAN TIME CF AFRIVAL.

KTGT=KTOT+1

TSIGT (KTCT) =G (K1,K)= (G (X1,K) -3 (K2,K))* (H(X1,K)-HH)
1/ (d (K1, &) -H (K2, K))

ALPH=-S (K1,K)+ (S(K1,K) =S (K2,X)) *(d(X1,&) - i)

1/ (H (K1, K) -4 (K2, K))

CALCULATE ANGLE INCREMENT OF ZACH WAVEFRCNT
ESIGT (KTCT) =E*RSCAT*L3QR T (DCOS (AD) /DCCS (AL2H))
PSCT(KTCT)=ESCAT

| S

[y

ad




ESET INITIAL CCNDITIONS TO CONTINUZ
C HZIGHT VS ANGLE. .. j
5¢J LC=C .. b,
63) CCNTINUE ..
CHECK IF WINLCCW IS IY A SEADGW REGION ESSJLIING T304 A |
C CAUSTIC. .. ’
IF (KTOT) 780,789,610 . ]
C ..
C WIWDCY IS NCT IN A SHADOW REGION. PUT WAVEFRONTS I . ]
C OFDER OF TLZIEK TIMES-OF-AFRIVAL. .. b
610 CCNTINUE ..
DO 660 IS=1,KTICT ..
TMIN=10.0 . )
DC €50 IF=1,KICT .. g
TMIN=DMIN1(THIN,TSIGT(IR)) ..
IF (TAIN-1SIGT (IR)) o640,€30,640 ..
630 IMIN=IR .. |
640 CCNTINUE . %
650 CCNTINUE .. ]
TSIG(IS)=TSIGT (IMIN) .. }
ZSIG(IS) =ESICT (INIY) .. »
PSC (IS)=ESCT (I4IN) .. ]
TSIGT(IAIN)=20.C .. ]
660 CONTINJE ' - {
.. ’
CHYECK IF MORE THAY ONE WAVEFRONT IS PRESENT IN THE ..
WINLCH. ..
IF (KTOT-1) 70C,700,665 ..
. . .
CALCULATE TIME CIFFERENCE CF ARRIVAL (7.D.0.A.) ..
C BETWEZY WAVEFRONTS. .. '
€65 CONTINUZ ..
.1
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e €7) IT=2,%¥7CT .. 1
€70 TLITI(ITY=IIIS(ITY-T3IS(M) .. ]
: . ®

¢ 327 U2 a Ldli T< JALCULATE TCTAL FTIZLD STIXIZNSTE TSk ..
C PUVERD ZENSITY IF WAVEFRCANTS OVERZA2 IN TIYE. .
Too psur=200 .

__v

(W)
IF (ILIFF(IFI)-Teu) 710,710,720 .. +

71) Z5J¥=C3 M+EZIG (IFI) *CCOS (ESC(IFI)-2.0*21*F3y .o
1% T0IFF(IFT)) .. E
- R - [ ]
7z CONTINIZ .- K

ISUM=JAZES(FZLM) ..

C .

TELD STRENGTH IS TOO0 LOW FOR CALCJLATION .. 3
JM/EDIFF-C.00000001)y 780,730,730 .. 1

(@}
.
.

C CHECK IF FIFID STRENGTH CF POWER CENSITY IS TC B8 ..
C COMEUTED. ..

L4

730 IF (NPLCT-1) 740,750,760 .. -

I
740 IF (KpPLOTZ-1) 75C,750,760 .

CALCULATE TCTAL BELATIVE FIELD STGENGTH. ..
75C SP=10.%DICG10 (ESUM/EDIFF) ..
30 TC 800 ..

@)

)
@
=
[
(@)

ULATE TOTAL RELATIVE :OW

F 760 3£=20.%DLCG1C(ESUM/EDIFF) .. ]

2 J
C <

et
o
lw]
T
l=4
wn
P~
1
-
.
[ ]

*
350 .

L STFENGTH AND PCWEE D FOR A SHADOw e °
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800
810

812

814

816
318

820
330

8u0
850

PEINT HEALISG AND RAY HEIGHIS IF THIS IS A N
DISTANCE.

IF (J-1) €10,81(,820

CONTINUE

NAUT=VX (K) /CNAUT

IF (KPLOT-1) €1€,812,814

PEKINT 1200,XNAUT

GO 1TC 816

PRINT 1210,XNAUT

o]
E3

PCSITION THE PEN AND DRAW THE NEW CRDINATE AXES IF
THEEE IS A ELOT.

IF (NPLOT) 820,820,818

CALL PLOT (SNGL (XN),0.0,-3)

CALI PLCT (0.0,SNGL(YS),2)

CALL PLOT (0.0,SNGL(YN),2)

CALL PLOT (0.0,0.0,3)

ICOCE=3

PRINT THE RELATIVE FIELD STRENGTH CR POWER DENSITY AND

NUMBEER OF WAVEFRONTS IN EEIGHT-GAIN CALCULATIONS.
IF (KPLOT) €40,€£40,830
PRINT 1220,J,HH,SP

SET PARAMETIEES IF THEKE IS A PLCT.
IF (NPLGT) 9CC, 900,850
Y=HH/YDIV

CHECK IF FIEID STRENGTH Ck POWER DENSITY I35 TOO LOW

FOR ELOTTING.
IF (Sp+40.0) ¢£60,870,870
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FIELL S5TRENGTH CER
TUEN OCF ELCITIZE.
800 Y =-40.3/2LIV

CALI PLCT

ICOCE=3

GO TC 5900

PLCT TOTAL RELATIVE

870 X=SE/ZDIV
IF (J-1) €€G,880,8

280 ICOLE=3

53C 1C g8

882 ICOLE=2

884 CAL1 PLCT

900 CONTINUE
1000 CONTINUE

C

C POSITION

1100 IF (NPLCT) 1120,11
1112 CALI PLOT (0.,0.,-999)
CALI PLCT (2.0,2.0
CALI FACICR (SNGL(
1120 CONTINUE

RETUEN
C
1200 FCRMAT

2//5%,'N0.",8X,HEIGHT (FT)',64,

1210 FORMAT

1220 FCKMAT
END

POWZR LENSITY LESS IHAN -4

82

20,1110

1'3)
SCALE))

(SNGL (¥) ,SNGL(Y),ICODE)

{SNGL (X) ,SNGL(Y),ICODE)

THE PEN IF THERE HAS BEEN A PLOT.

(/7/741X,"PRINTOUT CF FIELD STRENGTH AND
1'T.D.0.A. S AT X =',F8.2,2X,'NAUTICAL MILES',

'FIELD STRENGTH

(//7,1X,PRINTOUT CF PCWER DENSITY AND
1*"7T.L.0.A. £ AT X =',F8.2,2X,"NAUTICAL MILES',
2//5%,'N0."',8X,YBEIGHT (F1)*,7X, 'POWER DENSITY
(4%,15,8X,F10.2,10X,E12. 2)

PP Y Wy
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SUBEKCUTINE FICTTIR

----- THIS FOUTINE SEIS UP THE AXES FOR ALL PLCTS.

IMPIICIT FEAL*8 (A-H,0-2)
REAL*4 AHL,TTL1,XTL,YTL,TLE

CCMMCN /TWOCCM/ RA,DELX,AES,AHO,ELC(51) ,EXMAX,XFINAL .

1 +JRAY

CCAMCN /THRCCM/ VX (30) ,YMIN,YMAX,XDIV,YDIV
1 ,H(51,30),G6(51,30),EN(100) ,RN (100),S (51,30)
,JPLT,KEEF,KGRAD, KPICT,JPLCT,IPLACE, JCASE,NELO

NREF,NEAY,NPRO,NPLCT,NGEAD,SCALE

COMMCN /FCRCCM/ DNDZ (100),kM(100),CM4DZ (100) ,KMIE
1 . KMGRAL, N*IR, NMGRAD,HF(100) ,DATCTL
DIMENSION AHI(38),TTL(18),XTL(18),YTL{18),TLE(18)

DATA YSIZ,SIZE/5.0D0,1.505D-1/
DATA 12T1,2ZSIZ,2MIN,2ZDIV,10,1.0D0
1'-2.OD1'QOCD1/

SET UP INITIAL CONDITIONS IF THIS IS THE FIRST PLCT

IF (JPLT) 10,10,20
YDIV= (YUAX-YMIN)/YSIZ
YDIVA=YDIV,1C00.0
YMINA=YYIN/1000.0
YPT=YSIZ+ 1.0
LPT=315I2+0.5

YS= (AHS- YMIN)/YDIV
JPLT=1

REAL PLOT SCALE FACTCR ANL FLCT BANNEE.
REAL 110,SCALE
REAL 120, IAHLC, (AilD(K),K=1,18)
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INITIALIZE TEE FLOTTER ANL SCALE THE PLOT S5IZE.

CALL pLCTS (C,0,0)

CALL PLCT (Q0.,0.,-9%9)
CALL SETMSG (2)

CALL FACICE (SNGL({SCALE))

POSITION TEHE PEN AND PRINT THE ELCT BANNER.
CALI PLOT (&.0,8.0,-3)
CALL SYMBCL (9.0,0.0,SN3I(SIZE),AHZ,00.0, IAED)

POSITION THE EEN FOR THE NEXT PLOT.
CALL PLCT (0.,0.,-999)

CALL PLOT (2.0,2.0,-3)

CALL FACTCR (SNGL(SCALE))

REAL AXIS IAEELS AND TWO IINES COF ELCT TITLES.
REAL 120,IXTI, (XTL(K),K=1,18)
REAC 120,IYTI, (YTL(K),K=1,18)
REAC 120,ITTIL, (ITL(K),K=1,18)
KEAL 120,ITLE, (TLE(K),K=1,18)

CHECK WHICH ELCT THIS IS.
IF (JPLQT-5) 22,24,26
CCNTINUE

IF (JPLOT-2) 30,u40,60

SET UP INITZIAL CONDITIONS FOR MODIFIED INDEX OF

REFRACTIVITY PRCFILE AND GRADIENT ELOTIS.
CCNTINUE

XMAX = 520.0

IMIN = 2.0

GO 1IC 50

CONTINUE
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{MAX = 350.0 ..
{MIN = 2.0 .o
GO 1TC 59 -

SET UP INITIAL CONDITICNS FOR REFRACTIVITY PECFILZ ..

AND GRADIENT FLCTS. .o
{9AX=400.0 .
{MIN=0.0 .
GO 1IC 590 .
{¥AX=203.C .o
XMIN=-600.0 -
£S5IZ=4.0 .o
ADIV=(XMAX-XMIN)/XSIZ .o
XDIVA=XDIV ..
G0 1IC 70 -

ET OP INITIAL CONDITIONS FOR RAY TRACE, FIELD .o
STRENGTH, ANZ PCWER DENSITIY PLOIS. .
AMAZX=EXMAX .
XMIN=D.0 .
XSIZ2=10.0 ..
{DIV=(XMAX-XMIN) /X512 .
XDIVA=XFINAL/XSIZ .
XRE=XSIZ-C.%S .o

SET UP PAFAMETERS FOR AXIS LABELS AND PLOT TITLES. ..

XTTL=(XSI12~SIZEXITTL)/2. ..
XTLE=(XSIZ-SIZE*ITLZ)/2. ..
DRAW AND LABFI THE AXES. ..
CALL AXIS (9.0,0.0,YTL,IYII,SNGL(YSIZ),90.0, ..
1SNGL (YMINA) ,SNGL(YDIVA)) ..
CALL AXIS (3.0,0.7,X1TL,-IXTL,SNGL(XSIZ),0.0, ..
1SNGI (XMIN),SNGL (XDIVA)) ..

12¢
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C PREINT TEHE FELCTI TITLES. .e
74 CALL SYMECL (SNGL(XTTL),SNGL(YPT),SNGL(SIZE),TTL,9.2,
1I171) ..
CALLI SYYBCL (SNGL(XTLE),SNGL(ZPT),SNGL(SIZZ),TLE,?d.9,
1ITLE) ..
C DRAW THE FEFTERENCE SCALE FOR ALL FIELD STRENGTH AND ..
C POAER DENSITY P1OTS .e
IF (JPLOT-S) 78,82,82 ..
73 CCNTINIZ ..
IF (JPLGT-3) 82,82,80 ' ..
80 CALL AXIS (SNGL (XRE) ,SNGI (ZPT), 10H GAIN (D3),-IZTL, .
1SNGL(2S12),0.0,SNGL(ZMIN),SNGL(ZDIV)) ..
CALI PLOT (SNGL (XSIZ),SNGIL(ZPT) ,3) ..
CALI PLOT (SNGL (XSIZ),SNGI(YPT) ,2) ..
32 CALL PLGT (0.0,0.0,3) ..
C DRAW THE EARTH SURFACE ITF NCT AT ZERO MEAN SEA LEZVEL..
IF (AHS-YMIN) 86,36, 84 ..
84 CALL PLOT (0.0,SNGL(YS),3) ..
CALL PLOT (SNGL (XSIZ),SNGI(YS),2) ..
CALL PLOT (0.0,0.0,3) ..
C .
PCSITION THE PEN FOR THE REFRACTIVITY GRADIZNT .o
C PRCFILE EICT. .o
86 CONTINUE ..
IF (JPLCT-2) 88,90,88 ..
88 CONTINJE .o
IF (JPLCT-5) 100,90,90 ..
30 X¥= -XAIN/XDIV .
CALL PLCT (SMNGL(XN),0.0,-3) .
100 CCNTINUE .o
105 RETURY ..
126
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110 FCRMAT (3F15.7) ..
120 FCRMAT (IZ,38X,17A4,A2) -
END ..

C ..

C % ok ok ek 3 ek sk ek ok kb ok ok e 3k ok ol soode e e ok ik ke ok s ke okt ok dkokeok koRok kR ek ok e ek ok xRk kX

C & ok koo o e o ok ak 3k ke deodke sk b ko ook ok ok dkedlk ok ok ok ko ok sk e koo ok ok ook ok ko ok koA ko ek deokok k%

BLOCK DATA ..
C SUBRCUTINE BLOCK DATA. ..
IMPIICIT REAL*8 (A-H,0-2) ..
coMMcy /CNECCM/ CRH,CRX,CFG,DTR,PEASE,THETA,C,C1,C2 ..

1 ,RHC (51,30),249I(51,3C),?I,CHF,CNAUT, DENOT ..

2 ,FRC,TEW,ARSRH, NHV, NSL, NEMS,JAREA, NDATA ..
COMMON /TWOCCM/ RA,DELX,AHS,AHO,ELC(51),ZX1AX,XFINAL .

1 ,JRAY ..
CCAMCN /THRCCH/ VX (30) ,YMIN,Y4AX,XDIV,YDIV ..

1 ,H(51,30),G6(51,30),HEN(100) ,RN (100) ,5 (51, 30) ..

2 ,JPLT,KEEF,KGRAD, KPICT,JPLOT,IPLACE, JCASE,NELO .

3 ,NREF,NFAY,NPRO,NPLCT,NGEAD,SCALE ..

DATA KHO,FHI/1530%0.00,1530%0.D0/ ..

DATR ELO/S1%C.DO/ ..

DATA VX,E,G,HN,FN/30%0.D0,1530%0.09,1530%9.D0, ..
1100%0.D0, 100%0.00/ ..

DATA 5/1530%C.D0/ ..

DATA DTR,FA,FI/1.7453D-02,2.0925D+07,2.14159D0/ ..

DATA CA7,CNAUT/3.281D0,€.076D3/ ..

ZND .-

/* .
//GC.SYSIN DD * ..
1 ..

0 ..

2 ..

8 ..
16250. 2€.330 ..
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<672,

2595,
1480.
1466.

333.
72.
23.
75.45
70.00
20.00
0.50
2500. 00
1 2
1 1
1 1

12

22

38

32

42

34

38

29

42

40

38

38

42

42

3e

43

42

233.4C1
23€.GE1
274.4¢€6
272.235
314.C€5
351.813
387.4€1
90.
500C.
2380.0¢C
-G.50
€.50
3
¢ 0 1 1
1 1 1 1
1.00
13 AER 1S84
EEFRACTIVITY (N-UNITS)
BEIGHT AEOVE EARTH (THOUSANDS CF FEET)
ATMOSEHERIC REFRACTIVITY PRCFIIE
CHAHRAN, SAUDI ARABIA - 1 MAY 1978, 00002
RKEFRACTIVITY GRADIENT (N-UNITS/KM)
HEISET ABOVE EARTH (TEOUSANLCS CF FEET)
REFRACTIVITY GRADIENT PROFILE
CHAHKAN, SAUDI ARABIA - 1 MAY 1978, 00002
MODIFIELD INDEX OF REFBRACTIVITY (M-UNITS)
HEIGHT AEOVE EAETH (THOUSANDS OF FEET)
MODIFIED INDEX OF REFRACTIVITY PROFILE
CHAHRAN, SAUDI ARABIA - 1 MAY 1978, 00002
MOD INDEX OF REFRAC CGRADIENT (M-UNITS/KY)
HEIGHT AECVE EARTH (TECUSANDS CF FEET)
MOD INDEX OF REFYRACTIVITY GRADIENT PROFILE
CHAHEERAN, SAUDI ARABIA - 1 MAY 1978, 00032
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37 CISTANCE ALCNG EARTH (NAUTICAL MILES) .

EEIGHT AECVE ZAKTH (THCUSANCS CF FEET) .
56 FAY TEACE FCR DHAHRAN, SAUDI AFRAEIA - .o
*LINE CCN'7T* 1 MAY 78, 0000z .-
56 HC = S0 T RAY ANGLES FECY -3.5 TO 0.50 ..
*LINE CCN'YT=* DEGEREES .o
37 DISTANCE ALCNG EARTH (NAJUTICAL dILZS) .o
38 EEIGHT AECVE EARTH (TEQUSANDS OF FEET) .
58 EEL FLD SIR - DHAHRAN,SAUDIA ARABIA - .
*LINE CCN'"TI* 1 MayYy 78, G000z .
506 BO = 90 FT RAY ANGLES FiC¥ -90.5 I0 0.50 ..
*LINE CCN'TIx* DEGEEES ..

e AR LSRR EEREREEEERI RS RSS2 R R RS R b R R R

C % ook deskok ok v koo e ok ol d ok e koo el ek kel e e koo ek ko kokkok kkk k kk k ok kkok kk k& Xk

> o o
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EXAMPLE CF THE CIHER LCATA SET:

1

1
1
2
9
6550.000
3161.000
2478,.00¢C
2209.000
1488.00C
€27.30C
374.00¢C
49.000
z23.00¢
75. 45
70.00
20.00
0.59
9800.00
1 2

38.939
20z:.4¢3
217.128
218.512
240.4€1
275.8¢9
284.0634
3:8.235
337.544

co.

5000.
2CC.0¢C

-0.50

1340.00C

3

2637.287
699.770
606.184
565.325
474.077
374.338
343.351
345.928
341.155

129

-€. 760
-19. 978
-5.10°%
-30. 442
-41. 159
~-34.524
-164.929
26. 602
200. 000

150. 238
137.021
151.892
126.558
115.841
122.477
-7.929
183.603
350.000

a .
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1 1 1 p) 1 1 ..
1.00 ..
12 26 AEF 1¢84 ..
22 TFRACIIVITY (N-UNITS) ..
38 HEIGHT AEOVE TAETH (THOUSANDS 0F FZET) ..
32 ATMOSEEERIC REFRACTIVITY PRCFIIE ..
42 CHAHEAN, SAUDI ARABIA - 23 MAY 1978, 00002 ..
3u EZFRACTIVITY GPADIENT (N-UNITS/KH) ..
38 HEIGHT AEOVE EARTH (TECUSANDS CF FZET) ..
29 EEFRACTIVITY GRADIENT PEOFILE ..
42 CHAHFAN, SAUDI ARABIA - 23 MAY 19738, 0000% ..
40 MODIFIEC INLCEX OF REFFACTIVITY (4-UNITS) ..
38 HEIGHT AEOVE EARTH {THOUSANDS OF FZET) ..
38 MODIFIEC INDEX OF REFRACTIVITY PROFILZ ..
42 CHAHRAN, SAUDI ARABIA - 23 MAY 1978, 00002 ..
42 MOD INDEX OF REFRAC GRADIENT (M-UNITS/KM) ..
38 HEIGHT AREOVE EARTH (TEOUSANLS OF FEET) ..
43 MOD INDEX OF REFRACTIVITY GRADIENT PROFILE ..
42 DHAHEAN, SAUDI ARABIA - 23 MAY 1978, 00002 ..
37 DISTANCE AICNG EARTH (NAUTICAL MILES) ..
38 HEIGHT ABROVE EARTH (THOUSANDS OF FEET) ..
56 RAY TKACE FCR DHAHRAN, SAUDI ARABIA - ..
} *LINE CCN'T* 23 MAY 78, 0000z ..
j 56 HO = <0 FT RAY ANGLES FRCY -0.5 TO 0.52 ..
t. *LINE CCN'T* DEGEEES ..
g 37 TISTANCE ALONG EARTH (NAUTICAL MILES) .-
! 38 HEIGHT APOVE EARTH (TEOUSANDS OF FSET) ..
: 58 REL FILC STE - DHAHRAN,SAUDIA ARABIA - ..
° *LINE CCN'T* 23 MAYy 78, 0000% .-
- 56 HO = S0 FT RAY ANGLES FRCY -J.5 TO 0.50 ..
[ *LINE CCN'1I* DEGFREES ..
) Chkd #hdhhk gk kb bdhk Ak hhkhpdhhkokk Sk phkekkkok ko ko ke hkk ok &
P.. C ¥ ek ek ok ook %ok &k hakok &k Kok ok ok o B ok ke doke ok ok ok ko ko kool %ok ook ok ook ok dok sk ok ok ok
130
°
N R RS

— ey ————~ TR TTy——




MRS |

10.

11.

12.

T . Al Zni et

ITIST OF REFERENCES

Th 1 i Ral T¢e- . l‘he
cr Strategic sta ies, 1976.

The Military Balance 198C-

. 18, Interratiorn-

al Institute fcr Strategic Stu

The Military Balance 1983-

31, g, 96, The Internation-
ies,

ternaticonal Institute Icr

The Eurcra Year Book 1963

1980.
84, ip.. 13 ¢ 120, The In-
Strategic Studies, 197¢6.

- A W%World Survey, v. II, p.

1347, Zurora rublications

Collier's Encyclopedia, V.

ucational Ccrgcraticn arnd

Minerals Yeartcok 13874, v.

Limited, 1983.

20, g. 381, Macmilli
cl 1

Ed-
P.F. lier, Inc., .

an
980

11, g. g, Bureau of Mires,

US Tepartment c¢f the Interior,

Mirerals Yearbcok 1974, v.
<, .6 10
the Interior, 19%6.

III, pp- u64, 474, 595,

Bureau of Mines, US Department of

diperals Yearbook 1980, v. III, pp. 494, 504, 614,
84t, 1106, ¢ 1030, Bureau of Mines, US Department ot
the Interior, 1335.

The ¥World Almanac___and EBcok of Facts 1982, p. 130,
¥8w§paper srterprise Association, Inc., vew York,

Le

The Eurora Year Book 1982 - A Wworld Survey, v. II, p.
130€, Zuropa Pcblications Limited, 1983.

Davidson, K., Class notes
$%§§ Schcol, Mcnterey, Ca,

for MRZ416, Naval Postgrai-
p- 7-2, Winter Semester

Kell¥, 2J.A., "The Soviet Threat In Asia", Defense,
4_

3, Jdanuary 1984.

FPE-

131

cllee el il

oed i PR Th.. A SRR RSN

nd W




T N P A PP e Ty — d R SNt i AR A AL A AL At A AEE S AT AV AN AR AL AN i

' 13.

| 14.
15.
16.
k. 17.
} 18.
- 19.
20.
r

p@ fL
[ 22.
23.

) 24.
25.
4 26.
€
27.

le ﬂ

[ 28.
3

L 29.
b

}O

2 30.
3

o

[ ]

¢

¢

e

!

°

Davidsorn, K., Class notes for MhZ416, Naval Postyrad-
gggf.Sckcc;, Mcnterey, CA, p. 3-4, VWinter Semester
Ibid., LPp. 3-1 - 3-18.

Ibid., fp. 4-1 - 4-u.

Ibid., p. 4-5.

Ibid., F. 4-5.

Icid., ¢ 4-7.

Itbid., f. 4-8.

Itid., p. 4-6.

Ibid., . 3-9.

Ibpid., p. 4-15.

%om;endium cf Meteorology, pe. 655-662, American le-
ecroiogical Scciety, 1.

Ibid., p. €656.

Collier's Encyclopedia, v.2, pp. 377-392, Hdacmillian
Eaucaticnal Corporation & R.F. Collier, Inc., 1980.

dernstedt, F.l., #Aorld Climatic Data, p. 278, Ciimat-
ic rLata Fress, 1972.

world Survey o
ti1fic Pullishi
York: v.9 "C
233-347, 1821

£ Climatclcgy, 15 vol., Elsevier 3Scien-
ng Ccmpary Amsterian, Oxford, VNew
linates of Southern & Wéstern As;a", £p

Itid., p. 2¢1.

gilot Charts of the Indian Ocean, 1lst ed., pp, 5
10, Derfense Mapping Agency Hydrographic/Togographi
Center, 1676S.

world Survey of Climatolcgy, 15 vol., Elsevier Scien-
tific Purlishing Ccmpary Amsterdan, Oxford, VYNew
g%€k219v ?6 "Cllmates of éoutnern £ Western A51a" PP

&
c

132

.. W o 4 VLIS

NP\

B

AW




PRAACrA A AR

490.

41.

rtenburcer, L.N., lawscr, S.E., ani Miller, G.X.,

adiosonae Cata Aralysis 111 Summary Maps of Cbservel
Jata, rnegior 4 Map T, CIT jlv nia I.cocporated, oS!
Secenber 1573.

Ibid., Fegjicn 4 Map 3.

"ﬂ

]

Ibid., Eeyicn 4 Map 4,
Itid., Feglcn 4 Map 6.
Ibid., %egican 4 Map 7.
Ibid., Reg:cn 4 Map 9.
ILiéd., Fegicn 4 Map 11.
bid., Fegicr 4 Map 12.

Yask E.P., A Geometrlc Optices Model for Calculating
the 41e¢a 5tre n of ngbtronaqnetlc naves 1L the
PLESENnCE Of TICyObpﬂerlC Duct, ®.5. Thesls, Jniversi-
ty cf Dayter, Cnio, December h977.

Skeluik, %.I., Introduction to Radar Systems, 2ud
ed., pr. 1-14, McGraw-Hill Poox Coapany, 1980.

Jane's Weapcns Systems 1983-84, 14th ed, pp. 464-485,
Jane's rurlishing Compary lelted Lona and New
York, 1983.

PRS-

e




5-485, Nacmillian tduca-
Inc., 1980.

9, #Macmiliian =Zducation-

., 1980.

:_ Yhat Happened_to Tac-
Forces Journa. Iinterna-

BIBLIOCFAPHY

Coliier's fncvclcyedia, v. 3, Ei. 47

v ol - N~ o T 3
ticrar Coryoraticn and ?P.F. Coldller,
Collier's Encvcle_.edia, v. 18, . o2
d1 Corporfation 4Kl ¥.TF. Coilier, Inc
HUyLes, J=C'£ "Tle Alriift Stepcnild
tiCas siri:izt_Mcderrization?", Araed
ticLal, ;1. *7=-S5, Cctober 10627
MCVel, _.v. Seln€ra., "A Leady Iand F
AyTis .
saU.. rlal.: - The Fairnglom and Its ?
$1Clal e lzlildc, ch€L3b€E 1530.
P fech wcrld

Study, v.2,

Europa 2uk-

wellLloZ vz, J.w., "Ihe Feality of the Soviet Threat", T[e- 5

fie€nse, . -7, Juare 1933, %

’

R

. !

o b
b
4
3
!
:

e J
]

] J

]

e "

]

1

tl 134 i

¢ )

p j

., N

3 . _;

s ko

-y




A Siad S AC S SE VA R S Ty T A - - hadiibi A e - W W N W e T e Ny T W wy hdl Y PRI Al A

]
]
INITIAL DISTRIEUTION L1ST 4
. |
. No. Copizs
1. Defense Techrical Informaticn Center 2
Cameron Statior
Alexardria, Virgiria 22314
2. Library, Code Q142 2
Naval Postgradvate School x
Monterey, Califorria 93943 |
3. Professor Jchn M. Bouldry, Code 73 2 g
Shairman., Zlegtron: arfars lezlermic Tra
Naval Fostgraduate School .
Monterey, Califorria 593943
4. Professor Renneth L. Davidscn, Code 63Ds 2 ;
Department of Meteorolcg &
Naval Fostgraduate Schoo
Monterey, aliforria 93942
5. Professor Jeffrey M. Knorr, Code 62Ko 2
Department cf Eléctrical arnd Computer Engineeriay
Naval Fostgraduate School _ )
Monterey, Califorria 93943 o
6. E SE) Waype F. Fetersen 1 j
345 Weatherlee Rcad Lot #18 )
Ft. Pierce, Florida 334590 {
4
|
"
’
1
°®




TTUTRET T T T T T e e Ty

- < -
U .. ' .

PAAAC A A A d® B e & th OIS e

PP L W R WA A G )

AN R AP e~

5-85

DTIC

A
.-
&
§
3 o
| .
. ..\
4
. 1
$
v i
4
q
A

(]
{ 4
{
}
€
p
3
e
tc
(]
1
3
e
L
e
.
(]

Py




